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,\ ! SUMMARY
The computer program for a comprehensive analytical model
of rotorcraft aerodynamics and dynamics is described. This
analysis is designed to calculate rotor performance, loads, and
noise; the helicopter vibration and gust response; the flight
dynamics and handling qualities; and the system aeroelastic stability.
The analysis is a combination of structural, inertial, and
aerodynamic models, that is applicable to a wide range of problems
and a wide class of vehicles. The analysis is intended for use in
the design, testing, and evaluation of rotors and rotorcraft, and
to be a basis for further development of rotary wing theories.
This report documents the computer program that implements the
analysis.
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I. COMMONBLOCKCONTENTS
This section describes the contents of the common blocks used
by the program. Each description begins with the common block label.
The total length of the block is given in parentheses after the label.
Then all variables in the block are listed. The left-hand column gives
the variable name, and the rlght-hand column gives the location of the
variable in the common block. Finally, a description of the variable is
provided (except for variables in blocks with labels of the form xxDATA,
which are input parameters). Only the common blocks for rotor #I are
described; the common blocks for rotor #2 have an identical structure.
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aircraft mass (slug or kg)
number of airframe modes
aircraft description ( _T = _T = 0)
RSF for rotor #1
RSF for rotor #2
r at rotor #1 hub
r at rotor #2 hub
r at wing/body
..%
r at horizontal tall
r at vertical tail
--%
r off rotor
1
61
121
131
lb,1
151
161
171
211
221
231
242
20,3
252
253
254.
255
264
273
276
279
282
285
288
-27-
Rs_I(3,3)
RSF2(3,3)
Rmm1(3)
RHUBZ(3)
R_(3)
R_(3)
RvT(3)
TCFE( 11,5)
_x_E(3,3)
cM_x(3,3)
n3o_(3,3)
R_u_m(3,3)
_E(3,3)
n_(3)
v_nv(3)
VCLIMB
VSIIE
aircraft description
RSF for rotor #1
RSF for rotor #2
r at rotor #I hub
r at rotor #2 hub
r at wing/lx_dy
r at horizontal tail
r at vertical tall
r off rotor
TCgE
(¢_) Re k_
e
G
R T I* "R
e •
R
e
RFV
k E
V
Vcllmb
Vside
BODYCM
291
3oo
309
312
315
318
321
324
327
382
385
394
403
412
421
430
_39
_2
_5
_6
-28-
ENGNCM(131 )
QTHRTL
IENG
KMII
KMI2
KMR
KMEI
KME2
KPGOVE
KPGOVi
KPGOV2
NDM
TICOVE
TIGOVI
TIGOV2
T2GOVE
T2GOVl
T2GOV2
QEDAMP
IRSTAR
_NG(6,6)
S_.NC(6,6)
_Nc(6,6)
I_NGO(2,2)
rEQ 
KNI 1
KMI2
KI_
KI_ 2
governor proportional gains, Kp*
engine
rotor #I
rotor #2
number of drive train modes
governor time lag, "CI*_
engine
rotor #I
rotor #2
governor time lag, _ 2* K_
engine
rotor #I
rotor #2
Q_
I R
-1
mass matrix for H
n
-I
spring matrix for H
n_ 1
damping matrix for H
-I n
H0 for static elastic motion
1
2
3
5
6
7
8
9
10
11
12
13
i4
15
16
17
18
19
2O
56
92
128
-29-
GUSTCM(12OBg)
very(3)
vcvTv(3)
vGRiV(3,30,36)
VGR2V(3.30.36)
VGHUBI(3)
VGHUB2(3)
VC_BF(3)
VeinY(3)
VGVTF(3)
VGRIS(3,30,36)
VGR2S(3,30,36)
VZ'RA_(5)
gust components, velocity axes
at wing/body,
at horizontal tail, gH
at vertical tail, gv
atroto 
at rotor#2, _i' Wj)
at rotor #I hub, _ (for wake geometry)
at rotor #2 hub, _ (for wake geometry)
gust components, F axes
at wing/body, _W
at horizontal tail, gH
-.L
at vertical tail, gv
gust components, S axes
at roto_#i,_i' _Pj)
at rotor #2, _(r i, _f)j)
transient control
_¢P = ( &O AC _s _p At )T
1
?
I0
3250
649o
6_93
6_96
6499
6502
6505
97b,5
12985
-30-
CONTCM(32)
VCNTRL (1 i )
THETFT
PHIFT
THETFP
PSIFP
THETAT
PSIT
DVBODY(6)
DOMEGA
DDZF
VPILOT(5)
TGOVRI
TGOVR2
control vector (rad)"
ro tot#1 ro tor#2 alrframe
%T (rad)
%T (rad)
_p (rad)
_$'FP (rad)
_T (tad )
_T (rad)
airframe motion (dimensionless)
Ks (static; dimensionless)
"ZF (dimensionless)
pilot control vector (rad).
_P= (/_0 &c _s 4 _t)T
(Z& _govr)rotor# 1 (tad)
(_egovr)rotor# 2 (rad)
1
i2
13
15
16
17
18
24
25
26
3i
32
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co_cM(so)
BIMS(IO)
Tlv_(5)
BGIMS
rims(16)
PSIMS(6)
B2MS(10)
TZMS(5)
BG2MS
PzMs(16)
PszMs(6)
GIMS
GZMS
COUNTM
COUNTC
mean square motion (rotor #I)
mean square motion (rotor #2)
+
T
mean square circulation (rotor #I)
mean square circulation (rotor #2)
integer parameter: number of motion iterations
integer parameter: number of circulation
iterations
1
11
16
17
33
39
49
55
71
77
78
79
8O
-32-
MDICM(6773)
T750LD
NBMOLD
NTMOLD
_(20)
_(2o)
_.TA(2,10)
_.TA(2,10)
_TA(2,10)
ETA(2,10)
ETA(2,10,11)
ETA(2,10,51)
ETA( 2,10,30)
•.TAP(2,I0)
_.TAP(2,i0)
".TAP(2,I0)
_.TAP(2,10)
ETAP(2,10,II)
ETAP(2,10,_I)
ETAP(2,10,30)
_.TAPP(2,1o)
•.TAPP(2,i o)
ETAPP( 2,I0)
ETAPP(2,10)
ETAPP(2,10,11)
ETAPP(2,10,51)
ETAPP(2,10,30)
old _5 (inltialized to I000.)
old NBM (initialized to 0)
old NTM (initialized to 0)
bending frequency $i' i = I to NCOLB (per rev)
nor_otating bending frequency QNR i,
i = i to NCOLB (rad/sec)
-.%
bending mode displacement 71' i = i to NBM,
at radial station r =
rFA
rpB
rROOT
1
(j-i)0,1, j = i to ii
(j-1)Z_r, j = 1 to MRM+I
rj, j = I to MRA
bending mode slope 7i, i = I to NBM, at radial
station r =
rFA
rpB
rROOT
I
(j-I)0.1, j = 1 to il
(j-1)_r, j = 1 to _M+I
rj, j = 1 to MRA ._,,
bending mode curvature _)I' i = I to NBM,
at radial station r = l
rFA
rpB
rROOT
i
(j-i)0.1, j = 1 to 11
(j-l)_r, j = 1 to MRM+I
rj, j= I to MRA
i
2
3
44
6a
8a
Io4
124
344
13_
19(9,
198#
20O4
2o2a
20_
2264
3284
3884
39O4
392a
3944
3964
4184
52O4
-33-
_TA_(2,10)
WT(11)
WTO
WTC
w'rR
ZETA(5,11)
Z_.TA(5,51)
Z_-TA(5,30)
Z_.TAP(5,11)
ZETAP(5,51)
Z_.TA_(5,30)
K_(10)
K_3
D_LI
DE12
_L3
ImP4
_L5
.At,
bending mode slope at hinge, _(e)
%
torsion frequency _i' i = i to NCOLT+I,(perrev)
control system frequency (per rev)
collective
cyclic
reactionless
torsion mode displacement -%1' i = I to NTM,
at radial station r =
(j-l)o.1,j= i to 11
(j-1)Zh,r, j = 1 to MRM+I
rj, j = I to MRA
a
torsion mode slope J_i' i = I to NTM, at radial
station r =
(j-I)0.I, j = I to II
(j-_)z_r,j = I to _M+I
r., j = 1 to MRA
J
pitch/bending coupling KPi, i = I to NBM
pitch/glmbal coupling KpG
&;,, (=d)
MDICM
580_
582_
5835
5836
5837
5838
5893
6148
6298
6353
6608
6758
6768
6769
6770
6771
6772
6773
-34-
iNCIQM(4365)
MB
SB
I0
iQ(1O)
SQ(2,1o)
IQA(2,10)
IQDQ(10,10)
IQDQT( I0, I0,4)
IQDP(I0)
IQDFr(10,4)
IQ_B(10)
IQDBT( I0,_)
SQDDP (i0,5)
SQODPT(i0,5,4)
s_(lo,5)
SQPT(iO,5,_)
IQO(iO)
IQom.(2,lo)
IQODQT(2,10,4)
IQODP
IQODPT(_)
IQOIB
IQOHBT(4)
sQoDDP(2,5).
SQODDT( 2.5.4)
IFX0
IMX0
IP(5) .
IPA(2,5) .
IPAT(2.5,4)
SP(2,5) .
s_(2,5,4)
IPDDP(5,5) .
IPDDPT(5,5,4)
IPDDTT(5.5.4,_)
IPP(5,5) .
SPDDQ(5,10)
SPDDQT (5,iO ,_)
_Po(5) .
sPQ(5,1o)
SPQT(5, I0.4)
xAPQ(2,5,4,30)
MQDQ(Io,lo)
_Qm (io)
MQ2 Io)_/1°'5
MP(5)
Inertia coefficients
__L
Xkj at ri, i = i to MRA
Aerodynamic spring and damping
-35-
1
2
3
4
14
34
154
5_
6O4
614
6_
704
904
9_
1154
1184
1264
1265
1269
1270
1274
128_
1324
1325
1326
1331
1341
1381
1391
143t
1456
1556
1956
1981
2o31
2231
2236
2286
2486
3686
3786
3796
3846
3856
3857
INCICM
QIE
QT
MPm(5,lO)
MPm(5)
MPDP(5.5)
MPP(5.5)
_Q_S(IO.IO)
IQDPS(10)
_Qms(10)
SQDDPS (10,5)
s%_s(1o,5)
IQODQS(2.10)
IQODPS
IQODBS
SQODDS(2,5)
IPAS(2,5)
SPS(2,5)
I_DPs(5,5)
sPDi_s(5, to)
s_.s(5, lO)
Inertia coefficients, summed over qj
3862
3863
3864
3914
3919
3944
3969
4069
4079
4089
4139
4189
_209
4210
h.211
4221
4231
42A_1
4266
4316
(NBM=IO, NTM=5, NBMT=4, MRA=30)
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WKVICM(816_)
CTOLD
CMXOLD
CMYOLD
GAMOLD(30,36)
CRCOLD(36)
VIND(3,30,36)
LAMBDA
FGE
COSE
ZAGL
VINT(3,30,36)
VORH(3,36)
LAMBDI
VWB(3,36)
VHT(3,36)
VVT(3,36)
VOFF(3,36)
LAMBDW(3)
LAMBDH(3)
LARDY(3)
LA_m(3)
_.INTW(3)
EINTH(3)
EINTV(3)
old CT
old CMx
old CMy
old i"ij (i = 1 to MRA, j = I to MPSI)
old max % (j = I to MPSI)
..%
k(ri,_j) (i = I to MRA, j = I to MPSI)
mean _tpp
fG_= _/v_ = 1- (co_/4_.) 2 (1. if oct.)
COS([
ZAGL
_'int*i' _a) (t = I to _A, j : 1 to Mml)
at other rotor
...%
hint(_j) (j--I toMPsl),atother=otorhub
mean _ at other rotor
._ int'
>W(_j) (j = I to MPSI), at wlng/body
}H(_j) (j= 1 to Mini), at horlzon_1tall
}v(A_j) (j= i toMPSl),atvertlcaltan
_O(A_j) (j = 1 to MPSI), off xxltor disk
mean _ W' at wing/body
mean _V' at vertical tail
mean __, off rotor disk
%:
e% : KHC_ F (-'_S)(-%"i.R)/(.l'ZR)ref
eV = KvCvRTF (-_S)(nR)/(_R)re f
1
2
3
b,
1084
1120
b,36o
4361
4362
4363
4364
7604
7712
7713
7821
7929
8037
9145
8148
=3151
_154
8157
B160
8163
-37-
mL (1o,6)
DDALF(I0,6)
PSlS(1O)
TMAST( 21 )
A .F0(6)
DDAL0(6)
PSISO
DPSIS0
complex _N (p = I to MHARMF), without Euler
angle contributions
complex %N (p ffi 1 to M_)
ee
complex _pN (p " I to MHARMF)
complex _PSp N (p = 1 to MHARMF)
complex (_govr)pN (p = I to MHARMF)
complex (_M_mast_bend) n (n = I to MHARM)
_statlc
C_statlc
_static
( s)s tlc
(_s)statlc
121
241
361
381
401
_3
_55
461
462
¢_ = (Xh Yh Zh °<x ¢_y ¢_<z)T
-38-
AESICM(3672,0)
STATE(30,36,3)
DCLMAX (30,36)
DCDMAX(30,36)
DCMMAX(30,36)
MEFF(30,36,3)
AEFF(30,36,3)
DCLDS(30,36)
DCDDS(30,36)
DCMDS(30,36)
SAVE(30,36,19)
integer parameter defining stall state for
lift, drag, moment (initialized to zero)
peak dynamic stall vortex loads (initialized
to zero)
c_max
Cdmax
Cmma x
effective environment for lift, drag, moment
Mach number Mef f
angle of attack _eff
dynamic stall vortex load
C_ds
Cdds
_ds
section aerodynamic data
(I) Up
(2) uT
(3) _R
(4) u
(5) e (deg)
(6) _ (deg)
(7) _ (deg)
(s) M
(9) cosJ_
(1o) _clv
(n)
(12) cd
(13) c
m
(14) Cdradla I
(15) _#a_
(16) F'Jacm
(17) Fz/aCm
(18) M /ao
(19) _/ac_
3241
4321
5401
6481
9721
12961
1_041
15121
16201
h L
i= 1 to MRA, j = I to'MPSI
-39-
M_lc.(n12)
B_.TA(21,10)
_-mTA(21,_)
B_TAC(21)
PHI(10,16)
1_ID(10,6)
complex _n (i = I to NBM, n = 0 to MHARM)
complex _n (i = 1 to NTM, n = 0 to MHARM)
complex _n (n = 0 to MHARM)
complex TpN (i = I to NAM, p = I to MHARMF)
complex(_ _i We _t _gl _e,2)pN
(p = 1%0 MHARMF)
1
_21
631
673
993
-_O -
PISTAT
PESTAT
(qsk)static
elastic
(' I)st tlc
elastic
(We)statlc
elastic
(k = 7 to NAM i I
11
12
-41-
From(6,36)
TORQ_m(36)
SAVE(36,20)
(FJ)1_t rev, J" I to .i_z
(dimension NBM+NTM+NGM) -
hub reactions (without rotor mass terms)
F=(_O#_a, _2%/_, _20_,
integrated aerodynamic forces
(I)-(IO) ._,rel_c
(n)-(15)M_,rJao
(16) OmJ_-a
(1_)%z_-a
(18) CfJ_-a
(19) Ofz/_-a
(20)cf/_-a
577
793
829
-42-
 IcM(1139)
FmmM(6)
CLS
CXS
CTS
CYS
CPS
CT
CMX
CMY
BETA0
BETAC
BETAS
GAM(30,36)
CIRC(36)
..%
rotor generalized force, Q = cTF
mean hub reaction
_2CM#_-a , _2CM/q-a ,-_2CQ/q- a)
for trim
eL/Q" (wind axes)
CX/_" (wind axes)
cy/r
for inflow
CT
CMx
CMy
for trim
for inflow
circulation _ij (I --1 to MRA, j = I to MPSI)
maximum circulation _j (j = 1 to MPSI)
1
7
13
15
16
17
18
19
2O
21
22
23
2_
1104
-b,3-
QBDCM(.49)
Q_,'B(6)
QHT(6)
QVT(6)
SAVE(31)
wlng-body generalized forces
horizontal tail generalized forces
vertical tall generalized forces
airframe aerodynamic dataft 2 2
(I) (D/q)wB or m
(2) (Y/q)_(3) (L/q)w_
(4) (M/q)w B
(5) (M/q)WB
(6) (Mz/q)wB
(7) (D/q)_
(8) (L/q)HT
(Q) (o/q)VT
(I0) (L/q)VT
(n) _<
(12) _B
(13) _:HT
(I_) ="VT
(_)
(16) _-
VWB
(20-22) V
.._MT
(23-25) VVT
(26-28) "_
(29) qwB
(3o) qHT
(31) qVT
ft3 or m3
l
ft2 or m2
,l
deg
ft/sec or m/sec
rad/se c
dlmenslo nless
i
7
13
19
-44-
WCICM(7998)
RBR(3,36)
RBT(3,36)
MUTPP(3)
mT(1_)
DRT(i_)
K2T
ms_(l_4)
nRsx(i_)
K2St
DRSO(I_)
K 2S0
DFWG (3,230£)
_b(rROOT, _j )
rb( 1, %)
"l,l&
_tpp
prescribed wake, tip vortices
Dz(k), k = 1 to KRWC
_(k),k : i toKRwc
K2
prescribed wake, sheet inside edge
Dz(k), k = 1 to KRWG
Dr(k), k : 1 to K_WG
K2
prescribed wake, sheet outside edge
Dr(k), k = I to KRWC
K2
free wake, tip vortices
_(n), n.= I to KPWG*MPSI
n = (_ - I)KFWG*k
((k= I to K_WG), = 1 to MPS!)
I
109
217
220
3_
508
509
653
797
798
942
1086
1087
-_5-
ML
MI
MW
MH
MV
MO
0(3,20000)
CNW(3,20000)
total number of points in flow field at which
nonuniform induced velocity calculated for
each azimuth (ML+MI+FN+MH+MV+MO)
number of points on this rotor
(MRL if INFLOW(1) = I; zero otherwise)
number of points on other rotor
(MRL of other rotor if INFLOW(2) = 3;
I if INFLOW(2) = 2; zero otherwise)
number of points on wing-body
(I if INFLOW(3) = 2; zero otherwise)
number of points on horizontal tail
(I if INFLOW(4) = 2, zero otherwise)
number of points on vertical tail
(I if INFLOW(5) = 2| zero otherwise)
number of points off rotor disk
(I if INFLOW(6) = I; zero otherwise)
_(n), n = 1 to MPSI*HR*MPSI
CNW(nNW), nNW = 1 to MRG*(KNW+I)*MRL*MPSI
5
6
7
8
60008
n = ((_ - 1)*MR+ k- 1)*MPSI+ j
(((j-- 1 _ Mini), k = 1 to _R), _ -- 1 to M_I)
nNW = (((_ -1)*MRL + k-1)*(KNW+I) + j-_ +K_)*MRG + t
((((i = 1 to MRC), j = _-KNW to _ ),
k = I to MRL), A = I to MPSI)
-_6-
Q(iO)
Dm(_o)
P(5)
DP(5)
DDP(5)
PD
DPD
DDPD
PR
DPR
DDI_
BG
9Bfi
DDBC
A_(6)
OpAl(6)
PS
DPS
DDPB
TM
TC
DTT
qk' k = i to NBM
Pk'k= _ toNT_(PO_ Pd*Pr)
_k
Pd
_d
Pr
@
Pr
_G
(without Euler tangle contrlbutions to _x_y _z )
= (_h9h _h &x&Y &z)
_ mas t-bend
_govz_QeG-eG+2 _
I
li
21
3_
36
46
b,?
_8
50
51
52
53
5_
55
6i
67
73
74
75
76
77
78
-_?-
LDMNCM(2932)
SAVEM(36,78) motion at _j, j = I to MPSI-
(refer to common block AEMNCM for contents)
MB
SB
I0
sQ(2. lo)
mA(2,10)
mOQ(2, iO)
IQIB
IQDP(2)
SQoDP(2,5)
sQP(2,5)
IFX0
IMXO(2)
IPDDP(5)
IPP(5)
IPA(2)
SPDDQ(10)
sPQ(10)
sP(2)
IPO
inertial coefficients for section loads 28O9
2810
2811
2812
2832
2852
2872
2873
2875
2885
2895
2896
2898
2903
29O8
2910
292O
293O
2932
-48-
FLMCM(21928)
A2(6LI.00)
AI(6400)
A0(6400)
B(2320)
DOFi(80)
NAMEX(_/NAMEV(
MX
MXI
MV
MG
DOFlS(46)
NAMEXS(46)
NAMEVS(16)
MXS
M,<IS
MrS
MGS
f)()_IA (43)
NAMEXA("3)
NAr_\,A (13)
MXA
MXIA
MVA
MGA
symmetric matrices
antisymmetric matrices
I
6401
12801
.19201
21521
2i60i
21681
21710
21711
21712
21713
21714
21760
21806
21822
21823
21824
21825
21826
21869
21912
21925
21926
21927
21928
variables (80)
x = (xR1_2 Xs % "_et _ovrl _govr2)
controls (29)
v = (VR1 VR2 vs _)t Vp g)
F_lCM(_2_6)
A2(30,30)
A1(30,30)
A0(30,30)
AA2(30,6)
AAI(30.6)
AAO(30,6)
B(3o,8)
BG(30,3)
C2(6,30)
c1(6o3o)
C0(6,30)
CA2(6,6)
0AI(6,6)
CA0(6,6)
oc(6,3)
A2
A1
A0
2
B
BC
C2
CI
Co
_2
DG
1
901
18Ol
2701
2881
3061
3241
3_81
3571
3751
3931
4111
4147
4183
4219
va_ble_ (30), _m
controls (8): vR
oust(3),g
hub motion (6) :
hub forces (6): F
-50-
_L_CM(912)
A2(16,16)
AI(16,16)
A0(16,16)
8(16,4)
BG(16.3)
_L(16,2)
a2
aI
a0
b
bG
bX
1
257
513
7_
833
881
variables (16): xS
controls (4): vS
gust (3): g
-51-
_LINCM(477)
MASSB
I0
_Q(lO)
Sq(lO,2)
i_(lO, 2)
_Q_(lo,lo)
IcmP(lO)
I_(lO)
sQDDP(10,5)
S_(I0,5)
IQO_(lO, 2)
_ODDP(5,2)
IP(5)
_PA(_.2)
SP(5,2)
IPDDP(5,5)
IPP(5,5)
SPDDQ( 5,I0)
s_(5,1o)
1
2
3
13
33
53
153
163
173
223
273
293
303
3O8
318
328
353
378
428
-52-
FLA_CM(6_6)
MQU(_O)
MO_Z(lo)
MQz(Io)
MQ_(Io)
M_(io)
MQ_(IO)
MQm(lo,lO)
MQQ(IO,IO)
M_(iO,5)
MMU
MDZ
MZ
ML
MEB
MB
Mm(lo)
MQ(to)
MP(5)
TU
TDZ
TZ
TL
TI]B
TB
T_(10)
TQ(Io)
TP(5)
HU
HDZ
HZ
HL
HIB
fib
Hm(lO)
HQ(lo)
HP(5)
QU
QOZ
QZ
QL
Q_
QB
QQ(_O)
QP(5)
RR
RU
RIYZ
RZ
1
11
21
31
41
51
61
16i
261
311
312
313
313
316
317
327
337
3a2
3a3
3_
3a5
3a6
347
3a8
358
368
373
374
375
376
377
378
379
389
399
4o4
405
406
407
a08
a09
410
420
a30
a35
a36
a37
a38
-53-
FLAECM
RL
RDB
RB
R_(1o)
RQ(Io)
RP(5)
MPu(_)
MPDZ(_)
MPZ(5)
MPL(5)
MPm(5)
MPB(5)
MP_(5,10)
_(5, io)
MPP(5,5)
MPDP(5,5)
439
_o
_2
452
462
t_67
472
477
_82
_7
49?
597
622
-5_-
STDCM(SaZ)
DmXV(7,Zl)
eRVRI(7,Zt)
DRVRZ(7.Zt)
DRVWB(7,21)
DRVVT(7,21)
(both rotors for flutter case)
I
148
295
_2
589
736
variables (21)•
uc vG wG)
equations (7) '
(L M N x Y z Q)
-55-
s_c_(3/*o)
A_D(7,7)
AIFD(7,7)
AOFD(7,7)
BFD(7,19)
CONFD(i6)
CUS_D(3)
DOF1FD(7)
NAMX_D(7)
NAMVFD(19)
MXFD
1
5o
99
11,8
281
288
304
3O7
321
340
variables (7) :
controls (19) :
&f &e _a &r et &O
uG vc wG)
gust components in wind axes
_t
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_ANcM(62)
QTRIM(6)
CQSTI
CQSTZ
_oDYI(7,7)
DCSAS
DSSAS
TT_0V
TIGOV
T2GOV
trim generalized force (total)
trim -_2CQ/V-a (rotor #i)
trim -_2C_w-a (rotor #2)
inverse of body inertia
SAS
C
SAS _s
transient governor _t
transient governor (_-_govr)rotor#1
transient governor (_govr)rotor#2
I
7
8
9
58
59
6O
61
62
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2. SUBPROGRAM FUNCTION AND COMMUNICATION
This section describes the functions of the subprograms that
constitute the computer program. The communication of the subprograms
with each other is also described, in terms of the input and output
variables. The description begins with the subprogram name, and its
arguments. Next there is a statement of the principal function of the
subprogram, and usually a general reference to a section in the analysis
development. Then notes about the program content are given, including
references to sections in the analysis development as appropriate.
Finally all the input and output variables of the subprogram are listed.
The left-hand column gives the variable name in the subprogram, and the
right-hand column gives the label of the common block in which the
variable is located. Some description of the variable may be given as
well. Only the subprograms for rotor #I are described; the subprograms
for rotor #2 have identical functions and structure.
-SS-
MAIN
Name : MAIN
Function: primary job and analysis control
General reference: section 5.3.5
0PRTR2
I_NT(4)
ANTYPE(3)
FIL ID(4)
RESTRT
JCASE
TASK
JOB
RSWRT
NCASES
BLKDAT
RDFILE
START
TRIMCM
TMDATA
CASECM
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TIMER
Name, TIMER(N, I,T)
Function: program timer
N
T
integer parameter controlling timing calculations
0 initialize
i start timer
2 stop timer
3 print times
other return present time
timer number
1 case
2 TRIM
3 FLUT
4 STAB
5 TRAN
6 STABL
7 FLUTL
8 WAKECI ,WAKEC2
9 GEOMRI, GEOMR2
I0 RAMF
II MODEl, M01_2
12 MOTNRI ,MOTNR2
13 PERF
14 LOAD
elapsed CPU time (sec)
DEBUG
ITIB
IlB(23)
integer parameter: print time T if GEi TMDATA
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INPTN
Name '. INPTN
Function: input for new job
JCASE
BLKDAT
R DFILE
DEBUGI
OPR_AD(I0)
NROTOR
IXX
IYY
IZZ
IXY
IXZ
IYZ
ATILT
FSCG
BLCG
WLCG
WEIGHT
FILEID(_)
i
MHARMF
integer parameter: debug print control
CASECM
TMDATA
BDDATA
TMDATA
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INPTO
Name: INPTO
Function: input for old job
RESTRT
DEBUGI
NROTOR
o_D(1o)
D_(25)
NPRNTI
integer parameter: debug print control
CASECM
TMDATA
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I
INPTAI
Name : INPTAI
Function: read airfoil table
DEBUG
TITLE(20)
IDENT(4)
NMAX
NAB
NA(20)
A(20)
NMB
NM(20)
M(20)
NRB
R(n)
CLT(5000)
0 (5ooo)
CMT(5000)
file
TMDATA
A 1TABL
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INPTR1
Name: INPTRI
Function: read rotor aamelist
DEBUG
TI_(2o)
@
_ISTI (5I)
TMDATA
RiDATA
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INPTW1
Name : INPTWI
Function_ read wake namelist
DEBUG
FACTWU
_wGso(4>
KFWG
_wG(2)
TMDATA
WIDATA
GIDATA
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INPTB
Name, INPTB
Function, read body namelist
_BUG
TI_(20)
 oFs (1o)
LFTAW
0PTINT
ENGPOS
e
KEDAMP
TMDATA
BDDATA
BADATA
ENDATA
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Name : INPTLI
Function: read loads namellst
DEBUG
MHARML
MVIB
z .TAV(?,I0,10)
TMDATA
LIDATA
LADATA
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INPTF
Name, INPTF
Function: read flutter namellst for new job
DEBUG
OPFLOW
_A_XR(3)
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INPTS
Name: INPTS
Function_ read flight dynamics namellst for new job
DEBUG
NPRNTP
_O_PLT(211
Ot:_AN
_MAG(5)
TMDATA
STDATA
GCDATA
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INPTT
m
Name, INPTT
Function, read transient namelist for new job
DEBUG
NPRNTT
OPLMDA
OPTRAN
CMAC(5)
TMDATA
TNDATA
GCDATA
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INPTC
Name: INPTC
Function: read flutter namellst for old _job
DEBUG
 A XR(3)
TMDATA
FLDATA
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INPTU
Name: INPTU
Function: read flight dynamics namelist for old job
DEBUG
OPmNT(4)
D0FPLT(21)
OPTRAN
CNAG(5)
TMIMTA
STDATA
GCDATA
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INPTV
Name: INPTV
Function: read transient namelist for old job
DEBUG
NPR_fT
NI_NTP
NPRNTL
NRSTRT
TMAX
TMDATA
TNDATA
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FILEI.
Name |
Function •
NFILE
RD_RT
TITLBD(2o t
TITLRI(20
TI'rI_ 2{ 20
TITLCS( 20
all
aIi
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
FILEI (NFILE,RDWRT)
read or write input file
file unit number
integer parameter: 0 to read file, i to write file
BDDATA
RIDATA
R21MTA
TMDATA
TMDATA
BDDATA
BADATA
ENDATA
LADATA
GCDATA
TNDATA
STDATA
FLDATA
RiDATA
WIDATA
CIDATA
LIDATA
R2DATA
WZDATA
G2DATA
L2DATA
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FILEJ
Name :
Function:
NFILE
RI_/RT
MPSI
LEVELI
LEVEL2
KNWI
MRGI
MRL1
KFWGI
KNW2
MRG2
MRL2
KFWG2
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
all
FILm(=I ,RmRT)
read or write trim data file
file unit number
integer parameter: 0 _ read file, i _ write file
WIDATA
GIDATA
W2DATA
G2DATA
TRIMCM
BODYCM
ENGNCM
GUSTCM
CONTCM
CONVCM
MNSCM
QBDCM
RTRICM
RHICM
MDICM
INCICM
WKVICM
MNHI CM
AESICM
MNRICM
AEFiC_
O.RICM
RTR2CM
RH2CM
MD2CM
INC2CM
WKV 2CM
MNH2CM
AES2CM
MNR2CM
AEF2CM
QR2CM
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FILER
Name : FILER(RDWRT)
Functlonz read or write restart file
Restart file structure:
RDWRT
RESTRT
TITLCS(20)
FILEID(4)
NROTOR
COEE
TI_I (20)
TI_m2(
TI_I (20)
AFIID(4)
NMAX1
CLTI(5000)
c_i(5ooo)
CMTI (5000)
TITLA 2(20)
AF21D(_)
NMAX2
CLT2(5000)
0_2(5ooo)
CMT2(5000)
1) case header record
2) input, trim, airfoil data
3) task header record -- ID,NREC
(ID = 2 for flutter, 3 for flight
dynamics, 4 for transient)
4) task data (NREC records)
5) repeat #3 and #_ as necessary
6) end record -- ID = O, NREC = 0
integer parameter: 0 to read file, I to write file
CASECM
TMDATA
TRIMCM
RIDATA
R2DATA
BDDATA
AITABL
A2TABL
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•FILEF
Name :
Function:
RDWRT
NROTOR
OPFDAN
NBMI
NTMI
NGMI
NBM2
NTM2
NGM2
all
all
all
all
all
all
all
FILEF (RDWRT)
read or write flutter restart file
integer parameter: 0 to read file, I to write file
TMDATA
FLDATA
RTRICM
RTR2CM
FLMCM
STDCM
STMCM
MDIC_
MD2CM
STDATA
GCDATA
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FILES
Name: FILES(RDWRT)
Function: read or write flight dynamics restart file
RI_RT
all
all
all
all
integer parameter: 0 to read file, I to write file
STDCM
STMCM
STIMTA
GCDATA
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FILET
Name• FILET(RDWRT,ENDREC)
Function: read or write transient restart file
RDWRT
ENIREC
IT
YN(7)
DYN(7)
DDY (7)
MTRACE
TRACE(14377)
LEVEL1
LEVEL2
all
all
all
all
all
all
integer parameter: 0 to read file, I to write file
integer parameter: 0 if at start of transient record,
I if at end of record (required for file write only)
WORK
TMDATA
TRANCM
TNDATA
GCmTA
LIDATA
L2DATA
LADATA
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FILEE
Name, FILEE(KEY)
Function: write eigenvalue file
KEY integer parameter defining case
0 start file
flutter, const, coeff. (FLUTL)
1 complete
2 symmetric
3 antisymmetrlc
flutter, periodic coeff. (FLUT)
4 complete
5 symmetric
6 antisymme tric
flight dynamics (STABL)
7-18 6+IEQ (IEQ = equation type)
TASK
JCASE
treNT(4)
COD'.
LAMDA (60 )
MX2
LMDAP(60)
LMmCP(60)
MX2P
(constant coefficients)
(perlodic coefficients)
kc (periodic coefficients)
CASECM
TRIMCM
TMDATA
EIGVC
EIGVP
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INIT
Name: INIT
Function: initialization
NROTOR TMDATA
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INITA
Name: INITA
Function: initialize environment parameters
General reference: section 2.5
01_JNIT
ALTMSL
TEMP
DENSEI
0PDENS
DENSE
ALTD
DRATI0
CSOUND
TMDATA
TRIMCM
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INITC
Name: INITC
Function: initialize
OI_JNIT
DEBUG
MI_I
M_RM(2)
OI_IM
OPGOVT
LEVEL2
00F(54)
raFT(a)
VKTS
VEL
VTIP
RPM
COLL
LATCYC
LNGCYC
PEDAL
A PITCH
AROLL
ACLIMB
AYAW
R_JRN
NRO_DR
Xq_IM
CX_IM
THETFT
PHIFT
THEq_P
PSIFP
THETAT
PSIT
D_mODY(6)
IDME_A
DDZF
vPILOT(5)
TGOVR 1
T_VR2
NBLDI
VTIPN
RADIUS
SIGMA
GAMMAO
case parameters
_4DATA
CONTCM
RIDATA
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OMEGA1
OMEGA2
HMASS
TRATIO
CONFIG
WEIGHT
NBLD2
DRATIO
DENSE
GRAV
CXTARG
OPRTR2
DI_I
FSCALE
RSCALE
NSCALE
ISCALE
GSCALE
SSCALE
CSCALE
cos I(36)
SINPSI(36)
KEPSI (21,36)
INITC
RTRICM
RTR2CM
BODYCM
BDDATA
R2DATA
TR.TMCM
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INITRI
Name: INITRI
Function: initialize rotor parameters
Normalization parameters : section 2.6
Aerodynamic r, _r: section 2._.1
Tip loss factor: section 2.4.5
Linear twist: section 2.3.5
Control system damping: section 5.1.3
Gimbal/teeter spring and damping: sections 2.2.12, 2.2.13
Lag damper: section 2.2.16
DEBUG
MPSI
w (i6)
DOFT(4)
LEVEL
TRATIO
DENSE
CSOUND
DRATIO
FmBM(6)
CLS
CXS
CTS
CYS
CPS
CT
CMX
CMY
B0
BC
BS
CIRC(36)
K2T
K2SI
K2SO
GAMMA0
SIGMA
NBLADE
RADIUS
VTIPN
TDAMP0
TDAMPC
TDAMPR
rotor degrees of freedom
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TMDATA
BDDATA
TRIMCM
QBICM
WGICM
RIDATA
NUGC0
NUGS0
GDAMPC
GDAMPS
LDAMPC
LDAMPM
LDAMPR
MRB
MRM
RAZ(31)
MRA
BTIP
OPTIP
 ISTA 3O)
TWISTI(51)
RI(51)
INFLOW(6)
LINTW
TWISTL
OMEGA
GLAG
MLD
DZLD
CGS
CGC
NUGC
NUGS
CTO
CTC
CTR
MTIP
GAMMA
CMEAN
IB
NBM
NTM
NGM
NBMT
RA(30)
mA(30)
CTOLD
C_XOLD
CMYOLD
VIND(3,30,36)
LAMBDA
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INITRI
R1DATA
RTRICM
WKVICM
VINT(3,30,36)
VORH(3,36)
LAMBDI
v_(3,36)
VHT(3,36)
VVT(3,36)
VOFF(3,36)
LAMBIN(3)
LAMBDH(3)
LAMBDVI3 )
LAMBD0(3)
EIN_(3)
mINTH(3)
EINTV(3)
STATE(30,36,3)
OCLNAX(30,36)
DCS4AX(30,36)
DCMMAX(30,36)
ALPHA(30,36)
BETA(21, I0)
THETA (21,5)
BETAG(21)
PHI(I0,16)
PSII_ 10,6)
QSSTAT(10)
PISTAT
PESTAT
FORCE(16,36)
F_(6,36)
TORQUE(36)
T750LD
NBMOLD
NTMOLD
VGUST(3,30,36)
vGUSTH(3)
INIR 1
WKVICM
AESICM
MNRICM
MNSCM
AEFIC_I
MDICM
GUSTCM
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INITB
Name: INITB
Function: initialize airframe parameters
Position of aircraft components, section 4.1.5
Rotation matrix RSF: section 4.1.2
r, RSF without _T rotations: sections 4.1.3, 4.1.5
(for wind tunnel trim case)
Control matrix TCFE: section _.I.6
Aircraft inertia: section 4.2.4
Airframe elastic modes:
bdl pitch/mast-b_nding coupling (KMST): secti°n 4"2'3
mode shape at hub (AMODE): section 4.2.2
mass, spring, damping: section _.2.4
aerodynamic damping and control: section _.2.7
Initialization (for wind tunnel case)
RFV = Re = RFE = It ReTI* Re = I*
- . _M'v(rFX)
(Vx)_ - -v
G - M*
= g_F x )
IEBUG
VEL
DOZ(16)
GRAV
GAMMA
SIGMA
IB
OMEGA
NBLADE
RADIIIS
P21MRI
P21WRI
P21MR2
P21WR2
ROTATI
ozam1(3)
airframe degrees of freedom
reference rotor
O.
_ (rad)
- _a, (rad)
TMDATA
TRIMCM
RTRICM
RTR2CM
RIDATA
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ROTAT2
o_2(3)
VGWBV(3)
vGHTv(3)
VGVTV(3)
Qw_(6)
QHT(6)
QVT(6)
AM0mI(6,10)
VSIDE
TITLE(20)
mFsm(10)
DRGIW
gust in velocity axes
INITB
R2DATA
GUSTCM
QBDCM
BODYCM
BDDATA
BADATA
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INITE
m
Name, INITE
Function. initialize drive train parameters
Engine inertia and controlz sections 4.3.1, 4.3.2
Governor parameters (dimensionless): section 4.3.3
Drive train spring constants: section 4.3.2
DEBUG
OPENGN
DoF(6)
TRATI0
NBLADE
IB
OMEGA
ENGPOS
THRTLC
IENG
KMASTI
KMAST2
KICS
KENG
KPE
KPI
KP2
TIE
TII
TI2
T2E
T21
T22
QTHRTL
IENGS
KMI I
KMI2
KMR
KMEI
KME2
KPGOVE
KPCOV1
KPGOV2
T1GOVE
TICOVi
TIGOV2
T2COVE
T2C_)VI
T2GOV2
NDM
drive train degrees of freedom
reference rotor
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TMDATA
BDDATA
TRIMCM
ENDATA
ENGNCM
CHEKRI
Name : CHEKRI
Function: check for fatal errors
MPSI
LE\q_L
NBIADE
MRA
_AE(31)
MRZ
RI(51)
RROOT
MRG
NG(30)
MRL
_L(3o)
Km_
RA(30)
MRLO other rotor
TMDATA
RIDATA
WIDATA
RTRICM
R2DATA
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PRNTJ
Name: PRNTJ
Function: print job input data
FILEID(4)
all
all
TMDATA
CASECM
UNITNO
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PRNTC
Name: PRNTC
Function: print case
JCASE
JOB
START
r,-'ILEI!)(L_)
Tm_CS (20)
CODE
ANTYPE(3)
C PUN I T
GPT_!M
NRCTOR
VKTS
VEL
RPM
VTIP
AL_{SL
TEMP
OPGRND
HAGL
AFLAP
C PENGN
OI_C'VT
RTURN
LEVELI
LEVEL2
D0 '(54)
IK,FT(S)
MPSI
MHARM
MHARMF
OPDENS
IDENT(_)
DENSE
DRATIO
CSOUND
ALTD
TITLBD(20)
WEIGHT
FSCG
WLCG
BLCG
CON-FIG
ATILT
input data
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CASECM
TMDATA
TRIMCM
BDDATA
CWS
NAM
NIR
Tn_AI(20)
AFnD(4)
TnLA2(20)
AF21_4)
'T_I (20)
TYPEI
RADUHX
NBLD1
SIGNAl
I_LWI(6)
OPHVBI(3)
OPS_I
OPYAW1
OPCMPI
0PUSL1
ROTATI
HINGE1
ELAG1
EFLAPI
GAMMA1
OMEGAI
MTIPI
CMEANI
IBI
NBMI
NTMI
NGMI
NBMT1
TITLR 2(20 )
EFLAP2
GAMMA 2
NBMT2
PRNTC
BODYCM
ENGNCM
A1TABL
A2TABL
RIDATA
RTRICM
R 2DATA
RTR2CN
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PRNT
Name: PRNT
Function: print trim input data
FI_D(_)
_HAR_(2)
TMDATA
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PRNTRI
Name : PRNTRI
Function: print
NBM
NTM
NGM
RA(30)
DRA(30)
FTIP(30)
TITLE(20)
e
_VISTI(51)
ro tor input data
RTRICM
RIDATA
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PRNZWI
Name: PRNTW 1
Function. print wake input data
MPSI
LEVEL
FACTOR
_WGSO(4)
KFWG
_WG(2)
TMDA TA
W1DATA
GIDATA
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PRNTB
Name z PRNTB
Function: print body input data
NROTOR
TI_.(20)
m_s_( Io)
LFTAW
OPTINT
ENGPOS
KEDAMP
TMDATA
BDDATA
BADATA
ENDATA
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PRNTF
Name : PRNTF
Function: print flutter input data
D NT(4)
CONFIC
CPFLOW
6PUSLD
TRIMCM
BDDA TA
FLDATA
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PRNTS
Name: PRNTS
Function: print flight dynamics input data
_D_NT(4)
NFRNTP
_,us(3)
TRIMC_,_
STDATA
-I00-
PRN_f
Name : PRN_f
Function: print transient input data
i_P,_(4)
NFRNTT
()I_[_,DA
TRIMCM
TN DA TA
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PRNTC
Name : PRNTC
Function: print transient gust and control input data
NROTOR
OPTRAN
o ac(5)
TMDATA
GCDATA
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TRIM
Name: TRIM
Function: trim
General reference: sectlons 5.3.5, 5.3.1
RESTRT
RSWRT
LEVELI
LEVEL2
ITER[]
ITERR
ITERF
NI_]NTT
NPRNTP
NPRNTL
CASECM
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TRIMI
Name: TRIMI(LEVELI,LEVEL2)
Function: calculate trim solution by iteration
General reference: section 5.3.1
Codes :
control number (C) = 1 2 3
control = _0 _c _s
test number (T) = 1 2 3 4
..% ..%
test = none F M F F
X Z
4 5 6 7 8 9
_p _FT _FT _FP OFP eT
5 6 7 8 9 I0 11
My% % %%. cLcxcy
OPTRIM
0
1
2
3
4
5
6
7
8
9
i0
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
MT
0
6
6
7
7
3
4
0
0
N
0
i
I
1
2
3
3
3
4
J
3
4
I
2
2
2
3
2
2
3
c(i)
123456
123457
1234568
1234578
T(i) (i = 1 to ._T)
211311
211311
2113116
2113116
1
9
1
23
123
123
129
1239
123
129
1239
3
13
13
19
139
13
19
139
415
4156
7
7
6
8 9
789
1111
1111
10189
1111
1111
10189
8
7 8
10 1
I0 1
1018
101
101
1018
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TRIMI
LEVEL1
LEVEL2
DEBUG
CPT_IM
CTTRIM
CYTRIM
BSTRIM
BCTRIM
OPTRIM
MTRIM
MTRIMD
FACTOR
ITERM
ITERC
DELTA
EPTRIM
OPGOVT
CXTARC
GRAV
COUNTT
C NTRLZ (n )
cws
XEO)
vx_O)
TCFE( li ,5)
COUNTM
COUNTC
NBLDI
ROTATE
NBLD2
GA MMA i
OMEGAI
IBI
GAMMA 2
OMEGA2
IB2
V CNTRL (II )
THETFT
PHIFT
THETFP
PSIFP
THETAT
DPSIF
VPILOT(5)
TGOVRI
TGOVR2
wake analysis for rotor #I and rotor #2:
0 for uniform inflow, I for prescribed
wake, 2 for free wake
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TMDATA
TRIMCM
BDDATA
BODYCM
CONVCM
RIDATA
R2DATA
RTRICM
RE 2CM
CONTCM
QR I(6)
CLS
CXS
CTS
CYS
CPS
BETAC
BETAS
C_I
QRTR 2(6)
CQS2
qWB(6)
Q_T(6)
QVT(6)
TRIMI
Q_RICM
QR2CM
Q_BDCM
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_IMP
Name : TRIMP(LEVELI ,LEVEL2, ITER, ITERM)
Function: print trim solution
LEVEL1
LEVEL2
ITER
ITERM
wake analysis for rotor #i and rotor #2:
0 for uniform inflow, I for prescribed
wake, 2 for free wake
iteration number
maximum number of iterations
CPTRIM
CTTRIM
CYTRI_,I
BCTRIM
BS_IM
OP_IM
MTRIM
EI_fRIM
0 PGOVT
CCLL
LATCYC
LNGCYC
PEDAL
A PITCH
AYAW
AROLL
ACLIMB
CXTARG
GRAV
COUNT
0 PRTR 2
NBLD1
TYPEI
NBLD2
TYPE2
GAMMA1
OMEGA1
IB1
GAMMA2
0 MEGA 2
IB2
CWS
KE(3)
VXREKF(3)
TMDATA
_IMCM
RIDATA
R2DATA
RTRICM
R_2CM
BODYCM
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VCNTRL( i 1 )
THETFT
PHIFT
THETFP
PSIFP
THETAT
PSIT
DPSIF
VPILOT(5)
TGOVRi
TGOVR 2
a_TRI(6)
CLS
CXS
CTS
CYS
CPS
BETAC
BETAS
CQSi
QRTR2(6)
CQS2
QWB(6)
QHT(6)
QVT(6)
TRIMP
CONTCM
QRICM
QR2CM
QBDCM
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FLUT
Name : FLUT
Function: flutter
General reference :
RSWRT
RESTRT
OPRTR2
NBLADE
0 PFLOW
C PS YMN
0 I_'DAN
MPSIPC
NINTPC
NBLDFL
A2(e ,oo)
MGA
M XF D
sections 5.3.5, 5.3.6
CASECM
TRIMCM
FLDATA
FLMCM
STMCM
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FLUTM
Name : FLUTM(PSI)
Function 2 calculate flutter matrices
General reference: section 6.3.1
Inflow dynamics, sections 6.1.5, 2.4.3
DLDT = z"_ _"
DLI_= _
'IN= '1::_
DLDZ =
Drive train equations: section 6.2.3
Construct flight dynamics matrices: section 5.3.3 also
(only if rigid body degrees of freedom present)
Symmetric/antisymmetric matrices: section 6.3.3
PSI
_UG
OPENGN
OPRTR2
_FS_(10)
TRATIO
CONFIG
NEM
REUL_R (3,3 )
Rmm2(3)
A  1(6,10)
AMODE2( 6,10)
KMSTCI (i0)
KMSTSI(IO)
KMSTC2_ X0
KMSTS2 10)
MVXRE(3,3)
TCFE (11,5)
KIGOVE
KIGOVX
KIGOV2
_(for periodic coefficients)
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TMDATA
TRIMCM
BDDATA
BODYCM
ENDATA
FLUTM
GSE
GSI
QTHRTL
IENG
QEDAMP
KMII
KMI2
KMR
KMEI
KME2
KPGOVE
KPGOVl
KPGCV2
TIGC _'E
TIGO _1
TIGOV 2
T2GOVE
T2GC,V i
T2GC'V2
MENG 22
_[ENG33
SENG22
SENG33
RA DUS 1
NBLDI
KFLMDI
KHLMDI
SIGMA 1
FXLMD1
FYLMD1
KINTH1
KINTFI
FMLMDI
OMEGA 1
N_41
NBMI
NGMI
MUX I
MUYI
MUZI
GAMMAI
IBI
RGUSTI(3,3)
CHUBI(6, 16)
CBHUBI(3,3)
CHUBTI (16,6)
ENDATA
ENGNCM
RIDATA
RTRICM
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RA DUS2
FMLMD2
OMEGA2
CHUBT2(16,6)
Kl_31(10)
KPGI
KPB2(IO)
KI_2
TICI
TIS1
TIC2
TIS2
LAMBD1
COSEI
ZAGLI
LAMBD2
COSE2
LAMBD2
CTSI
CTS2
DERIv(7,21i
DRVRI (7,21
oRv_(7,21
DRVHT( 7,21
DRVVT(?,21)
MXFD
OPFIDW
0 PS _@I
_rBLAI_
OPSAS
KCSAS
KSSAS
TCSAS
TSSAS
O_RS(2)
CPGRND
KASGE
FLUTM
R2DATA
RTR2CM
MDICM
MD2CM
CONTCM
WKVICM
WKV 2CM
QRICM
QRZCM
STDCM
STMCM
FLDATA
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_oF(8o)
CON(26)
Gus(3)
A2(6/4.00)
MGA
AZA(16,16)
AZRl(30,30)
A2R2(30,30)
_GR2(6,3)
FLUTM
FL DATA
FLMCM
FLMA_._
FLMICM
FLM2CM
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FLUTB
Name: FLUTB
Function: calculate flutter aircraft matrices
General reference: section 6.2.2
OPRTR2
NEM
IBODY(3,3)
MSTAR
MVXR_(3
RFV(3,3)
A_MPS(10)
ASPRNG(10 IADAMPA(10
ACNTRL(4,10)
DELTA
OPRINT
DVBODY(6)
DDZF
CNTRL(4)
CwB(3)
c_f(3)
GVT(3)
QWB(6)
QHT(6)
QVT(6)
A2(16,16)
_L(16.2)
DRVWB(7,21)
DRVHT(7,21)
DRV\'T(7,21)
LMDAWI(3 ILMDAHI(3
LMDAVl(3 IEINTWI(3
E_NTm(3)
EIN_'I(3)
LMmw2(3)
EINTV2(3)
(_f _e _a _)
gust in F axes
-llL_-
TRIMCM
BDDATA
BODYCM
FLDATA
C(.,NTCM
GUSTCM
QBDC_
FLMA CM
STDCM
WKV 1 CM
W KV 2CM
FLUTE i
Name: FLUTRI(PSI)
Function: calculate flutter rotor matrices
General reference: sections 6.1.6, 6.4
Azimuthal summations :
for periodic coefficients
for constant coefficient
approximation
(section 6.1.7)
Reorder hub reactions: J4 u equation multiplied by 2 to get (-_2C_f-a)
Inflow dynamics due to velocity perturbations: sections 6.1.4, 6.1.6
k_(periodlc coefficients only)
FLDATA
RT_ICM
RIDATA
MDICM
PSI
OPFLCW
MPSICC
NBLDFL
KBM
Kql'r
NGM
GAMMA
NUGC
NUGS
CGC
CGS
CT0
C'PC
C_
MUX
MUY
MUZ
_3LD
GSB(I0)
GST(5)
KHLMDA
KFLM DA
NU(I0)
wT(5)
WT0
WTC
Wq_
KP_(10)
KDG
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LA_IBDA
CTS
TiC
TIS
A2(30,30)
0G(6,3)
MASSB
sa(5,_o)
MQU(iO)
_PDP(5,s)
FLU_ 1
WKVICM
QRICM
CONR_M
FI_.ICM
FLINCM
FLAECM
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FLUTII
Name: FLUTII(PSI)
Function: calculate flutter inertia
General reference: section 6.1.3
PSI
DEBUG
raFT(4)
GLAG
KBM
KTM
NBMT
BETa(21,10)
_TAPH(2,10)
MB
s_T(5to.)
MASSBL
s_(5,1o)
coefficients
TMDATA
RTRICM
MNRICM
MDICM
INCICM
FLIN_4
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FLUTAI
Name, FLUTAI (PSI)
Function: calculate flutter aerodynamic coefficients
General reference: section 6.i.4
Perturbation section forces:
Aerodynamic coefficients :
PSI
DEBUG
DOFT(4)
MPSI
DPSI
MRA
cHORD(30)
XA(30)
XAC(30)
OPCOMP
OPYAW
OPSTLL
RFA
RA(30)
mAO0)
CMEAN
_TIP(30)
NBMT
KBM
KTM
MTIP
MUX
MUY
MUZ
ETA(2, I0,30)
ETAP(2,10,30)
ETAPP(2,10.30)
ZZTA(5,30)
ZETAP(5,30)
DELl
DEL2
DEL3
DEL_
DEL5
DALPHA
DMA CH
OPUSLD
without c/cm factor
_zo--cT/_-,Fxo--cQI_-
bending modes at rl, i = 1 to MIRA
torsion modes at ri, I = I to MRA
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_4 DATA
TRIM_
RIDATA
R_I_
MDICM
FLDATA
B_TA(21,10)
OCLDS(30,36)
DCDDS(30,36)
DCMDS(30,36)
SAVE(30,36,19)
XAPQ(2,5,b,,30)
MQu(IO)
FLUTA 1
MNRICM
AESlCM
INCICM
FLAECM
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FLUTL
Na_ne: FLUT_(ID,A2,AI,A0,B,MX,MXI,MV,MG,DOF1,NA_EX,NAM_ r)
Function: a.nalyze flutter constant coefficient linear equations
Vibration point location: sections 4.1.3, 4.1.5
ID
A2(MX*MX)
AI(MX*MX)
AO(MX*MX)
MX
MXI
MV
MG
_OFI (MX)
NA MEX (MX )
NA 'V(MV)
GRA:'
OMEGA
RADIUS
FSCG
BLCG
WLCG
NEM
THEq_T
PHIFT
THETAT
PSIT
A_PE(4)
NAMEXR(3)
problem identification: I for Complete dynamics,
2 for symmetric, 3 for antisymmetric
coefficient matrices
control matrix
number of degrees of freedom
number of first order degrees of freedom
number of controls
num_r of gust components
integer vector designating first order degrees
of freedom
vector of variable names
vector of control names
reference rotor
reference rotor
BODYC_,:
TRINCM
BDDATA
CONTCM
FLDATA
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STAB
Name: STAB
Function: flight dynamics
General reference : sections
RESTRT
RSWRT
5.3.5, 5.3.3
CASECM
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STABM
Name: STABM
Function: calculate flight dynamics stability derivatives and matrices
General reference: section 5.3.3
Print during stability derivative calculations:
a) increment: Ist number dimensionless, 2rid number dimensional
b) motion and controls: 1st number dimensionless, 2nd number
3)
5)
c)
dimensional
angular velocity = deg/sec
linear velocity, gust velocity = ft/sec or m/sec
K s = rpm
Z'F = ft/sec2 or m/sec 2
controls = deg
generalized forces: moments and forces in _2C/_-a form
(rotor #1 parameters, body axes);
torque in _C form (rotor #1
parameters) Q_-a
MPSI
LEVEL1
LEVEL2
DEBUG
OPRTR2
LSCALE
FSCALE
NBLDY
MRAI
TYPE1
IBI
cm_i(6,16)
CHUBTl(16,6)
OMEGA1
NBLD2
MRA2
TYPE2
IB2
CHUB2(6,16)
CmmTZ(16,6)
OMEGA 2
IBOOY(3,3)
MSTAR
MVXRE(?,31
GMTRX(3,3)
TC_E(11,5)
TMDATA
TRIMCM
RIDATA
RTRICM
R2DATA
RTR2CM
BODYCM
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CO_IG
QRTRI(6)
cQsl
CQS2
I01
I02
IRSTAR
QTHRTL
QEDAMP
KPGOVE
KPGOVI
KPGOV2
KIGOVE
KIC_DVI
KIGOV2
NPRNTP
NPRNTL
ITERS
OPLMII_
DELTA
_F(?)
CON(16)
GUS(3)
_c_v(3)
VGHTV(3)
VGVTV(3)
VGR'rRI(3,30,36 IVCRTR 2(3,30,36
vGrami(3
vcm_2(31
r,,_oD_.(6)
I'<.'V_GA
_).;,,'
QWB(6)
QHT(6)
QvT(6)
DERIV(7,21)
m
DRVVT(?, 21 )
A2FD(7,7)
I
'4_FD
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STABM
BDDATA
QRICM
QR2CM
INCI CM
INC 2CM
ENGNCM
ENDATA
STDATA
GUSTCM
CONTCM
QBDCM
STDCM
Sq_¢CM
STABD
Name: STABD
Function: print stability derivatives
General reference: section 5.3.3
Options: !I r°t°r c°efficlent f°rm' M*X = _2C/_-astability derivative form, X (acceleration)dimensionless or dimensional
Dimens ions :
a) force or moment
forces (FF)
M*x form ½NIb_I2/R
X form _2R
moments (FM) torque (FQ)
½NIb_2 nba2
_2 _Z
b) subscripts
acceleration (_") = A_4_ (FA)
angular velocity = i-A
linear velocity = A_R (FV)
controls = 57.3
gust velocity = AIR (FV)
TASK
mFFD(7)
CO_O(16)
GUSFD(3)
NAVY(19)
ISTAR(3,3)
NSTAR
IRSTAR
NBLADE
IB
OMEGA
RADIUS
CPPRNT(4)
DRVRI(7,21)
DRVR2(7,m)
DRVWB!7,211DRVHT(7,21
DRVVT(7,21
reference rotor
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CASECM
STMCM
B0 DYCM
ENGNCM
TRIMCM
STDA TA
STDCM
STABE
Name: STABE
Function: calculate flight dynamics equations
DEBUG
OMEGA
reTYPE(i 2)
KCSAS
KSSAS
TCSAS
TSSAS
AZ_O(49)
MXFD
OPSY_M
OPSASF
reference rotor
TASK
TMDATA
TRIMCM
STI]ATA
S_CM
FLDATA
CASECM
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STABL
Name: STABL(IEQ,A2,Ai,A0,B,MX,MXI,MV,MG,DOFI ,NAMEX,NAMEV,IDF,OON)
Function: analyze flight dynamics linear equations
Vibration point location: sections 4.1.3, 4.1.5
Numerical integration of transient: sections 5.3.2, 5.3.3
(see also program TRAN)
I_Q
A2(_X*Mx)
A1(_*sx)
A0(MX*MX)
B(_-Mv)
MX
l_'(i
MV
MC
mFI(MX)
NAMEX(MX)
NAMEV(MV)
mF(?)
CON(19)
OMEGA
RADIUS
GRAV
vm_(3)
vGmmi(3)
VI_AN(5)
FSCG
WLCG
BLCG
THaT
PHIFT
THETAT
PSIT
D_rBODY(6)
DOMECA
NPHNTT
t
_OFPLT(21)
equation type identifier
coefficient matrices
control matrix
number of degrees of freedom
number of first order degrees of freedom
number of controls
number of gust components
integer vector designating first order degrees of
freedom
vector of variable names
vector of control names
integer vector designating degrees of freedom used
integer vector designating controls used
reference rotor
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TRIMCM
BODYCM
GUSTCM
BDDATA
CON_M
STDATA
STABP
Name: STABP(TIM,IT,YN,DYN,DDYN,DOF)
Function: print flight dynamics transient solution
General reference: section 5.3.3
Print during numerical integration (in STABL):
a) controls in deg
b) gust velocity: Ist number dimensionless, 2nd number
dimensional
c) aircraft motion: Ist number dimensionless, 2nd number
dimensional
i) displacement = deg, ft or m
2) velocity = deg/sec, ft/sec or m/sec
3) acceleration = deg/sec 2, g
4) inertial axes = deg/sec, g
AANG = 50 = Re.
ALIN : a%ody = _; --- (_x) R e "F
TIM
IT
YN(7)
DYN(7)
DDYN(7)
wF(?)
GRAV
LSCALE
FSCALE
TSTEP
TMAX
NPRNTT
time (dimensionless)
time count
integer vector:
XF YF ZF _s )
0 if degree of freedom not used
TRIMCM
STDATA
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VGHLBI(3)
VZmAN(5)
_TSTAR
MVXRE(3,3)
REULER(3,3)
STABP
GUSTCM
BODYCM
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TRAN
Name : TRAN
Function: transient
General reference: sections 5.3.5,
RESTRT
RSWRT
LE"rELI
LI_rEL2
DVBOOY(6)
D,_MEGA
MVXRE(3,3)
MSTAR
IBODY(3,3)
O,_GA
CQSl
CQS2
QWB(6)
QHT(6)
QVT(6)
Q_IM(6)
CQST1
CQST2
IBODYI(7,7)
NPRNTT
NPRNTP
NPRNTL
NRSTRT
TMAX
TSTEP
0PPLOT
DOF_T( 21)
DOF(7)
I01
I02
CHUB1 (6,16)
CHUBTI (16,6)
OMEGA1
IBI
reference rotor
- _2CQ/_- a
-¥ 2cQ/_a
5.3.2
CASECM
_4DATA
CONTCM
BODYCM
TRIMCM
QRICM
QR2C_
QBDCM
TRANCM
TNDATA
INC1CM
INC2CM
RTRICM
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cmm2(6.16)
CmmT2(16,6)
OMEGA2
IB2
NBLDI
NBLD2
IRSTAR
TRAN
RTR2CM
RIDATA
R2DATA
ENGNCM
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TRANI
Name: TRANI(Y,DY,DDY)
Function: calculate transient acceleration for numerical integration
General reference: section 5.3.2
Y(7)
DY(7)
ODY(_)
LEVELI
LEVEL2
DEBUG
OFRTR2
MvxR_I3,3)
GMTRX(3,3)
TCFE( 11,5)
c_z(n)
QTimTL
QEDAMP
KPGOVE
KPGOV1
KPGOV2
KIGOVE
KIGOVI
KIGOV2
IBI
OMEGA1
NBLDI
IB2
OMEGA2
NBLD2
Q_TR_(6)
CQS_
_2(61
cQs2
QVT(
TMDATA
TRIMCM
BODYCM
BDDA TA
ENGNCM
ENDATA
RTRICM
RIDATA
RTR2CM
R2DATA
QRICM
QR2CM
QBDCM
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Doz(7)
OPSAS
KCSAS
KSSAS
TCSAS
TSSAS
ITERT
OPLMDA
QTRIM(6)
CQST1
CQST2
IBOI)n (7,7)
DCSAS
DSSAS
TTGOV
TIGOV
T2GOV
VPmA_(5)
vc_mL(11)
Dv_oDZ(6)
DORF_A
DI_F
VPILOT(5)
TGOVRI
TGOVR2
TRANI
TNDATA
TRANCM
GUSTCM
CONTCM
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TRANP
Name: TRANP(TIM,IT,YN,DYN,DDYN)
Function: print transient solution
General reference, section 5.3.2
Print notes:
I controls in deg
gust velocity dimensionsal
aircraft motion: Ist number dimensionless, 2nd number
dimensional
I) displacement = deg, ft or m
2) veloclty= aeg/sec,ft/secorm/sec
3) acceleration = deg/sec 2, g
4) inertial axes = deg/sec, g
d) generalized forces, moments and forces in _ 2C/_-a form
(rotor #I parameters, body axes);
torque in - _CQ/V-a form (rotor #1
parameters)
AANG = _ = Re @.1:
-- '_' - (_x) Re t._ALIN = abody _S: _,
TIM
IT
YN(7)
DXS(7)
DDYs(_)
LEVELI
LEVEL2
FSCALE
LSCALE
GRAV
OPRTR2
time (dimenslonless)
time count
TMDATA
TRIMCM
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ITERT
OPLMDA
TSTEP
TMAX
MSTAR
Rm_m(3,))
.vx_E(3,3_
GMTRX(3,3)
QT_TL
QEmMP
v_wBv(3)
VG}_fV(3)
vcvzv(3)
v_m.,sl(3)
VGHUB2(3)
VPmAN(5)
NBLDI
TYPEI
OMEGAI
NBLD2
TYPE2
IB2
OMEGA2
cQs_
_2(6)
cQs2
QVT(6)
vc_mL(11)
VPnOT(5)
TGOVRI
TGOVR2
Q_IM(6)
CQSTi
CQST2
DCSAS
DSBAS
TTGOV
TIGOV
T2GOV
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TRANP
TNDATA
B0 DYCM
ENGNCM
GUSTCM
RiI_TA
RTRICM
R2DATA
RTR 2CM
_icM
QRZCM
CONTCM
_A_M
TRANC
Name: TRANC(TIM)
Function: calculate transient gust and control
General reference: section 5.3._
TIM
VELF
MPSI
OMEGA
RADIUS
COSPSI(36)
s!m_i(36)
OPRTR2
RAt(30)
RA2(30)
RHT(3)
RVT(3)
RFV(3,3)
RSFI(3,3)
RSF2(3,3)
Rmm1(3)
R_m2(3)
MRAI
ROTATI
MRA2
ROTAT2
vc_v(3)
vG  3)
VGVTV(3)
VGRTR113,30,36)
VGRTR2(3,30,36)
vG 1 3)
VGHUB2(3)
VPTRAN(5)
OPTRAN
m
.CMAG(5)
time (dimensionless)
V_IR
reference rotor
gust in wind axes
TMBATA
TRIMCM
RTRICM
RTR2CM
BODYCM
RIDATA
R2DATA
GUSTCM
GCBATA
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CONTRL
Name, O0NTRL(T, PERIOD, C)
Function. calculate transient control time history
General reference, section 5.3.4
C_iculat_s,c(t)_ ½(I- cos2.,t/T)
T time(sec)
PERIOD period T (sec)
C control C
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GUSTU
Name, GUSTU(T,PERIOD,G)
Function: calculate uniform gust time history
General reference: section 5.3._
Calculates: G(t) = ½(I - cos2_vt/T)
T time (sec)
PERIOD period T (sec)
G gust G
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GUSTC
Name, G_STC(XG,L,L0tG)
Function, calculate convected gust wave shape
General reference: section 5.3._
_Ic_ates,
XG
L
LO
G
GCxg)= ½(1 - cos2_Cxg- LO)/L)
distance x (ft or m)
g
wavelength L (ft or m)
starting position L0 (ft or m)
'gust G
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PERF
Name: PERF
Function: Performance
General reference: section 5.2.1
Operatln_ condltion:motion:
I)
2)
3)
4)
5)
Ist number dimensionless. 2nd number dimensional
velocity = ft/sec or m/sec
dynamic pressure, q = Ib/ft 2 or N/m 2
weight, _/_ =Ib or N
body motion = deg/sec, ft/sec or m/sec
= ft/sec 2 or m/sec 2
6) _s = rpm
b) body orientation and controls in deg
Circulation convergence:
_I tolerance, CG/S in CJ_- form
G/E = ratio'error to tolerance (4 1 if converged)
Motion convergence:
a) tolerance, BETA (etc) in deg
b) BETA/E (etc) = ratio error to tolerance (_ I if converged)
Airframe performance: section 4.2.6
a) aerodynamic loads: dimensional
b) components:
i) angles in deg
_I loads, q dimensionalinduced velocity, total velocity dimensionless
Gust velocity: dimensionless
System
a)Weclimbpo r: dimensionalpower= V w(HP)| number in parentheses is percent total power
c
System efficiency parameters:
bl gross welght, W =ib or Ndrag-rotor = D
r--(Pi+ e)Iv,D/q-rotor= D#½_v2,
L/D-rotor= wl_
c) d_ag-to_l= Dtot_1= ptotal/V,D/q-total= Dtot_i/½%v2,
L/mtotal--w/Dto_l
d) figure of merit = M = I - n-Ponideal/Ptotal
-139-
VEL
ITERM
EPMOTN
ITERC
EPCIRC
AFLAP
OPRTR2
G_ A.V
SIGMA
RADIUS
OMEGA
DENSE
VELF(3)
VCLIMB
VSIDE
CWS
HMASS
NAM
NDM
NBMI
NTM1
NGMI
NBM2
NTM2
NGM2
vmm(3)
van(?)
VGVT(3)
vcmml(3)
VGHUB2(3)
VCNTRL(11)
,."S_"FFT
PHIFT
THETFP
PSIFP
THETAT
PSIT
DVBODY(6)
DOMEGA
DDZF
SAVE(31)
gust in wlnd axes
PERF
TMDATA
TRIMCM
BODYCM
ENGNCM
RTRICM
RTR2CM
GUSTCM
CONTCM
QBDCM
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LMDAWl(3)
LMDAHI_3 2
LMmV1_32
LMmWZ_32
LMDAH2(3)
LMDAVZ(3)
BIMS(IO)
@
COUNTC
PERF
WKVICM
WKV2CM
CONVCM
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PERFR1
Name, PERFRI(P,PCPP,PI,PINT,PO ,PN)
Function: calculate and print rotor performance
General reference, section 5.2.1
Operating condition,
x) 110
_ _c _s HP
_HP _ %P + _ls" _TPP- _c
( (_c)cP"_ ((_c ' _ls)HP
(_'s)cP = ((_s- _lc)HP
Harmonics of gimbal motion, section 5.1.2
Rotor forces and motlonl
shaft axes (-S), tip path plane axes (-T), wind axes (L or X)
_efflclent(Cx-),coefflclent/sondlty(Cx6-),dime_io_ (x-)
Rotor power, LIDBAL = _ideal (see also section 2.4.3)
P
PCPP
PI
PINT
PO
PN
OPUNIT
VEL
MPSI
MHARM
MHARMF
DENSE
NAM
N_
T75
TiC
TIS
FZ(30,36)
ALPHA(30,36)
total power
climb and parasite power
•induced power
interference power
profile power
non-ideal power
rz/aC
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TMDATA
TRIMCM
BO DYCM
ENGNCM
CONTCM
AESICM
PERFR1
VIND(3.30,36)
LAMBDA
VIRT(3,30.36)
LAMBDI
RADIUS
SIGMA
MRA
TYPE
NBLADE
HINGE
MUX
MUY
MUZ
OMEGA
_A(?0)
RA(30)
ALFHP
PSIHP
MTIP
MAT
NBM
NTM
NGM
NUGC
NUGS
T750LD
Nu(20)
ETA(2,10)
WT(1I)
WT0
WTC
WTR
CLS
CXS
BETA0
BFTAC
BETAS
CIRC(36)
BETA(21,10)
_mTA(21,5)
BETAG(21)
PSID(I0,6)
QSSTAT( IO)
PISTAT
PESTAT
_int (due to other rotor)
bending mode at tip
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WKVIOM
WEV2CM
RIDATA
RTRICM
MDlCM
Q_ICM
MNRICM
NNSCM
LOAD
Name: LOAD(LEVEL1 ,LEVEL2)
Functiont loads, vibration, and noise
Airframe vibrationz section 5.2.8
Vibration point location: sections 4.1.3, 4.1.5
LEVELI
LEVEL2
OPRTR2
FSCALE
LSCALE
CRAV
TRATIO
FSCG
WLCG
BLCG
NBLD1
OMEGAi
NBLD2
OMEGA2
MVXRE(3,3)
MSTAR
REULER(3,3)
V F(3)
NAM
THETAT
PSIT
P l(lo,16)
PHI2(10,16)
MVIB
FSVIB ( lo tWLVIB_ 10
BLVIB(IO
ZETA(3,10,10)
wake analysis level for rotor #1
wake analysis level for rotor #2
_IMCM
BDDATA
RIDATA
RTRICM
R2DATA
RTR2CM
BODYCM
CONTCM
MNRICM
MNR2CM
LADATA
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IL)AIRI
Name: IL)AI_I(LEVE%)
Function: calculate and print rotor loads
FZ/C
FX/C
MA/C
FR/C F c]'1 ,,e.<.
F/Ci.ean
Print aerodynamics (function r and _ ),
bdI dimensionless quantities generally, angles in deg
induced velocity in nonrotating shaft axes
interference induced velocity is that due to other rotor
gust components in velocity axes
Force/Ci.ean (dimensionless) :
L/C = IU2" " =
2t c/ci.e_n)cl L/Cmean
D/c :½u(o/c )c = D/c
_ ^ mean a mean
M/c : ½u_'(c_/c.... )c_-, M/c....
'i 2 llllUlll ill UlUI,I,I
])RIO = _U (C/Cmean)Cdradla I = Dradial/Cmean
: czls: Fz/Cmean = d(O_r-)Idr
= FJCmean
= Ma/Ci.ea n
Forces (dimensional)
L = section lift ib/ft or N/m
D = section drag Ib/ft or N/m
M = section pitch moment ft-lb/ft or m-N/m
= section radial drag Ib/ft or N/m
FZ = Fz = dZ/dr lb/ft or N/m
FX = Fx Ib/ft or N/i.
MA = M ft-lb/ft or m-N/m
a
zR = Fr Ib/ft or ./m
_T : F_ lb/ft o_./m
Blade section power: section 5.2.1
cPls: d(%/_)/dr
P = section power HPlft or HPIm
LEVEL
OPUNIT
MPSI
level of wake analysis
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'l_Dh'rh
IENSE
DPSI
eosmI(36)
siNPsi(36)
TYPE
RADIUS
NBLAEE
OPSTLL
CHORDO0)
OMEGA
CMEAN
RAO0)
MUX
MUY
MUZ
NBM
NTM
NGM
PINTER(36)
PBURST(36)
ETAT(2.10)
ETA(2,10,30)
IBV
VGUST(3,30,36)
CAM(30,36)
cn_c(36)
MHLOAD
MALOAD
MRLOAD
RLOAD(20)
}[FOLAR
MWKGMP
M_0ISE
RANGE( IO)
ELVATNI I0)
AZMUTH(10)
NPLOT(75)
SAVEM(36,78)
MOTION(?8)
bending mode at tip
bending mode at ri, l=lto_
LOAIRI
TRIMCM
R11_TA
RTRICM
MDICM
WIDATA
GUSTCM
QRICM
LI_ATA
LDMNCM
AEMNCM
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LOA_RI
STATE(30,36,1 _)
DCLMAX(30,36
DCDMAX(30,36
DCMMAX(30,36
MEFF(30,36,3
AEFF(30,36,3
DCLDS(30,36
DCD_S(30,36
DCMDS(30.36)
SAVE(30,36,19)
VIND(3,30,36)
LAMBDA
vwB(3,36)
v_(3,36)
VVT(3.36)
VOFF(3.36)
LA_I3)
LAMBDH(3)
LARDY(3)
LAMBDO(3)
VORH(3,36)
VINT(3,30,36)
LAMBDI
AESICM
WKVlCM
WKV2CM
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LOADH!
Name, 'LOADHI
Function, calculate and print hub and control loads
Root loads: MCOI_ = C-,mcon/r
m,m"sx = Cmx./_
Hub loads : FHUBH = CH/_"
FHUBY = Cy/O-
FHUBT = CCt-
Harmonic analysis z
7
Fn= ! _"J b='
FHUBX = CfJv"
FHUBZ
CENT = Cfcent/"
FHUBQ
Fj e-in'eJ Kn
Dimensional loads,
root force = _ .CAZRb'(c/R)
hubforce = N_nZR4(clR)
hub o e.t = . rZZRS(4R)
MHARM
MPSI
NBLA]_
RADIUS
TYPE
CMEAN
GAMMA
OMEGA
NBM
NTM
DENSE
DPSI
cos_I(36)
SINPSI(36)
MHARML
NPLOT(75)
sEmxrRClz)
CMATCIz)
_XMATCIz)
KFATIG
for hub and control loads
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TMDATA
RIDATA
RTRICM
TRIMCM
LIDATA
MPAER0(36)
CNXAO6)
CMZA(36)
CFXA(36)
CFZA(36)
CFRA(36)
SAVEM(36.78)
MB
SB
I0
sQ(2,1o)
IQA(2,tO)
IFXO
IMXO
IP(5)
IPP(5,5)
iP0(5)
IQom(2,lo)
(Mpo/aC)aero
summed over qj
LOADMI
AEFIC_
LIRNCM
INCICM
-I_9-
LOADSl
Name, LOAmI(R)
Function: calculate and print blade section loads
General reference: sections 5.2.2, 5.2.3, 5.2.4
T =_
FXS-X = Cf/"
FXS-R = Cfdv"
FXS-Z = Cf_
CENT = Cfcent/r
MXS-X = Cmdr"
RXS-Z = Cmz/_-
M_0R = Cmtors/.-
(-= B for shaft axes, P for principal axes)
Harmonic analysis, Fn =
D_menslonal loads,
forces =
moments =
1 "mr -in_j K
-- _ FieJ _).i n
R
MPSI
MHARM
DOFT(4)
DENSE
DPSI
COSPSI(36)
sIm_I(36)
TYPE
NBLA_E
RADIUS
RRA
OMEGA
CMEAN
GAMMA
RA(30)
D (30)
NBMT
NBM
NTM
radial station r/R
-15o-
TMDATA
TRIMCM
RIDATA
RTRICM
MHARML
C_T(6)
EXIT(6)
KFATIC
_TA(2,10,30)
DELl
DEL2
DEL3
DEL4
DEL5
FXAERO(30,36)
FZAERO(30,36)
MAAERO(30,36)
FRAERO(30,36)
BETA( 21, I0)
MB
IP0
SAVEM (36,78)
for section loads
bending modes at ri, i = I to MRA
F /ac
FX/ac
MZ/ac
LOADSl
LIDATA
MDICM
AESlCM
MNRICM
LDMNCM
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LOA DI I
Name, LOA DII(R, Q,TR, ZR ,EPR,ER)
Function: calculate inertia coefficients for section loads
General reference: sections 5.2.2, 5.2.3, 5.2.4
Blade pitch: section 2.3.5
CS = cos_, SN = sln_, TR = _r)
w - (Zo_-xo_),wp= (ZoO-Xok_)',wPP= (z3- Xo¢)"
wx_-_=j_o_x_>
zR= _(r),m = _(r),_m = %(r)
: (ZOO-xj)_i =, w_ = (ZOO- 'Xo_) trim' at r
_0 - _zj-Xo_-=_. _tr
_.Pn0(_M)--(_-_ =i) =tr--e
CE(NBM) = (j[ _' "(ZOO-Xo_-Xl_ ) d_
' ( I*- r) mdl*
WFA = (Zo¢-Xo_), WPFA = (ZOO-Xol )' at rFA
x = _(y), xR= (r)
R
TR
zR(5)
_m(2,1o)
_.R(2,1o)
DEBUG
T75
EFLAP
ELAG
XFA
RFA
ZFA
RCPL
NOPB
MRM
radial station r/R
mean deflection qj
pitch e m at r
_ at r
_ at r
_ at r
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'I_DATA
COI_C'M
RIDATA
NBM
NTM
NGM
NBMT
MASS(51)
I_mTA(_I)
xI(si)
_IST(51)
ETA(Z,10,51)
ETAP(2,10,51)
_TAPP(2,10,51)
Z_A(5,51)
ETAPH(2,I0)
EFA(2,10)
EFAP(2,10)
DELl
DEL2
DNL3
DEL4
DEL5
MB
IPO
bending modes at r=(j-1)Z_r,
torsion modes at r=(j-l)_r,
bending modes at r = rFA
j = I to MIRM+I
j=l to MRM+I
IDA DII
RTRICM
MDICM
LDMNCM
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LOAEF
Name, LOADF(S.MPSI,K, SE,C,M,DAMAGE,SEQ)
Function, calculate fatigue damage
General reference: section 5.2.9
Input:
S(M_I)
MPSI
K
SE
M
C
vector of load Sj, J = I to MPSI| dimensional
numberof azimuthal stations; maximum36
parameter K in fatigue damagecalculation
endurance limit SE (dimensional)
material exponent
material constant
S-N curve approximated by N =
(s/sE - I)M
0utput:
DAMAGE
s_
damage fraction per rev (only calculated if _ > O,
C >0, and M # O)
equivalent ½ peak-to-peak load (only calculated if
M÷O)
-15_-
LOA DM
Name: LOA_4(F,MPSI,FM_'AN, FHPP)
Function: calculate mean and half peak-to-peak
Input"
F(MPSl)
MPSI
load F i, j = I to MPSI
number of azimuthal stations
0 utput:
FMEAN
FHPP
mean load
A peak-to-peak load2
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GEOMPI
Name • GEOMPI(LEVEL)
Function: printer-plot of wake geometry
37
I_."I
133
I!
I
7
TOP
@I ¢Ii I&l
M
N
SIDE
II _I
×
I|I iZl
"13
BACK VERT
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L EL
MPSI
TYPE
MWKGMP
JWKGMP(8)
NWKGMP(_)
KFW
KDW
KNW
KRW
KRWG
KFWG
wake analysis: I for prescribed wake,
2 for free wake geometry
GEOMPI
TMDATA
RIDATA
LIDATA
WIDATA
GIDATA
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POLRPP
Name, POLRPP(A, MRA,RA ,MPSI,ISUB, NPLOT, DA, NUPP)
Function: printer-plot of polar plot
_,_ +1 ----- 3"/
2_.J,- _r ÷1 = "/3
bl
-t-
I
I
!
I
!
¥
)c
A
MPSI
ISUB
NPLOT
DA
HUPP
array to be plotted
number of radial stations
radial stations rl, i : 1 to MRA
number of azimuthal stations _. = j _,
j : i to MPSI, z_._= 360/MPSI
first dimension of array A; positive if first subscript
is ri, negative if first subscript is _.i
n; data plotted every n-th step
plot incrementz last digit of integer part of
A/DA is plotted (if multiple of NPLOT)
unit number for printed output
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HISTPP
Name: HISTPP(A, MBA ,RA, MPSI, ISUB, NPLOT, NAME, NUPP)
Function: prlnter-plot of azimuthal time history
let c = minimum, d = maximum values over azimuth
I) d>0, c _-.03 d or c.:0, d_.03_c|
use b = [max(d, Ic_)] |
2) d_21cl , c >-.03d
use b= [d] I
O
3) c<-21dl, d<.03c
I
4) otherwise, use mean = [½(c+d)]
and b = [max(mean-c,d-mean)J | 4|
mean = AM = KM * IO**NM
b = B = K* 10**N
to convert F
a)
b)
o)
d)
to K*IO N (K = I to 9)
if F = O, then F = .99
N = [logt_l
if F < I., then N =N- 1
K- [l_l/iO**N]+ I
if K = I0, then N = N+ I and K = 1
if F*: O, then K---K
F = K* 10**N
i
!
IQ')
,I
&.
dl
L,
Ioe4 le")
0
Ioy io'I
,I
_,,e,,_ "4"Io
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AMRA
RA(MRA)
MPSI
ISUB
NPLOT
NAME
NUPP
HISTPP
array to be plotted
secondary variables number of values (minimum I)
secondary variable: values r_, i = 1 to MRA;
alphanumeric labels if NPLOT ET 0; not used if
MRA EQ i
number of azimuthal stations _j = jA_ , j = I to MPSI,
_? = 360/MPSI
first dimension of array A| positive if first subscript
is ri, negative if first subscript is _j
number of values of secondary variable per plot;
minimum I and maximum 3| negative for alphanumeric
labels| not used if MRA EQ i
name of secondary variable, 4 characters; not used
if MRA EQ i
unit number for printed output
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NOISRI
Name : NOISRI(RANGE,ELVATN,AZMUTH)
Function: calculate and print far field rotational noise
General reference: section 5.2.10
Calculate constants: CSTR = cos_J(l - Mr)
_T=-N3n2.%/_-_.(1- M) 2
FD = N2/4__.(I- M)
FL : -N2__sln_)r 14_rc s_(l - Mr)2
FR -N2_cos%/4_%_.(1 Mr)2
_S-- _./c
I T -In_j= -- F.e K
Harmonic analysis of loads: Fn J _=_, j n
RANGE
ELVATN
AZMUTH
MPSI
OPUNIT
DPSI
DENSE
CSOUND
COSPSI(36)
SINPSI(36)
OMEGA
CMEAN
MUX
MUY
MUZ
RA(30)
DRA(30)
NBLADE
CHOR_30)
SIGMA
RADIUS
MRA
TYPE
AXS(30)
OPN?IS I
MTIM_N(3)
range s^ (dimensional)
elevation _^ (deg)
azimuthV° _(deg)
Axs/C 2
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TMDATA
TRIMCM
RTRICM
RI_TA
LIDATA
FXA(30,36)
FZA(30,36)
FRA(30,36)
BETAC
BETAS
FJac
F_/ac
NOISR1
AESICM
QBICM
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BESSEL
Name: BESSEL(NB ,XB,BJ)
Function: calculate J Bessel function
Input:
NB
XB
order of Bessel function, n
argument of Bessel function, x
Output:
BJ Bessel function Jn(X)
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RAMF
Name: RAMF(LEVELI, EVEL2,0PLMDA)
Function: calculate rotor/airframe periodic motion and forces
General reference, section 5.1.13
Test motion convergence: section 5.1.4
Test circulation convergence: section 5.1.12
LEVELI
LEVEL2
OPLMDA
MPSI
M_aRM_'(2)
ITERM
EPMO TN
ITERC
EPCIRC
DEBUG
MREV
MPSIR
OPRT_2
NAM
NDr!
CMEAN1
NBMI
NTMI
NCMI
CMEAN2
NBM2
NTM2
NGM2
B1(21,10)
TI(21,5)
Bci(2i)
PI(10,16)
Psi(to,6)
B2(21,1o)
_(21,5)
Bc2(n)
P2(to,16)
Ps2(lo, 6)
integer parameter specifying rotor #1 and rotor #2
wake analysis, 0 for uniform inflow, 1 or 2 for
nonuniform inflow
integer parameter, 0 to suppress inflow update
TMDATA
TRIMCM
BODYCM
ENGNCM
RTRICM
RTR2CM
MNRICM
MNR2CM
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BIMS(IO)
COUNTC
CIRC1(36)
CT1
CMXl
CMYI
c_c2(36)
CT2
CMX2
CMY2
SIGMAI
SIGMA2
RAMF
CONVCM
QRICM
QR2CM
RII_TA
R2DATA
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MODEl
Name z MOIEI
Functlonz blade modes
T750LD
NBMOLD
NTMOLD
DEBUG
HINGE
EPMOIE
NBM
NTM
T?5
MDICM
TMDATA
RIDATA
RTRICM
CONTCM
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MOreC1
Name: MOD_CI
Function: initialize blade modeparameters
Linearly interpolate data for bending modecalculation:
Tip mass: section 2.2.19
Evaluate centrifugal force for bending modecalculation:
!¢
C NT: d_
Linearly interpolate data for torsion mode calculation:
Evaluate pitch inertia and control system stlffnesst
MRB
MTIP
X ITIP
EFLAP
ELAG
RFA
RADIUS
MRM
FT0
FTC
FTR
WTIN
VTIPN
KTOI
KTCI
KTRI
MRI
RII51)
XI(51)
xc(51)
KP2(51)
MASS(51)
ITHETA(51)
GJ(51)
EIXX(51)
Exzz(51)
TWIST(51)
DEBUG
section 2.3.1
section 2,3.1
section 2.3.3
sections 2.2.9,5.1.3
RIDATA
TMDATA
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IB
OMEGA
EIxxB(Si)
EIZZB(511
NASSB(51)_
TWlSTB(Si)
CENT(51)
ITHETB(S1)
CJB(Si)
MASSI(51)
ITHETI(51)
xn(siIxcI(51
TWlSTI(51)
KP2I(51)
IPITCH
KT0
KTC
KTR
MOIECl
RTR1CM
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MODEBt
Name: MODEBI
Function: calculate blade bending modes
General reference: section 2.3.1
Blade pitch: section 2.3.5
Calculate :
DS=
C =
DC=
B =
A =
Normalize eigenvector solutionl
L I%[ _;',._,..,__',.%_ ,.,_._,,,_._,_.]._,-
|l
_' _"_(E_.,,_'_._'_-'_,_4.,-
using Galerkin modes from last call,
which was at r = I
T75
DEBUG
NOPB
RCPL
KFLAP
KLAG
EFLAP
ELAG
RADIUS
_CPLS
TSPRNG
RFA
RFB
NCOLB
MRB
NONROT
HINGE
MRA
RROOT
MRM
_(2o)
_m_(2o)
ETA(Z, 10,96)
ETAP( 2, I0,96)
ETAPP(2,10,96)
ETAPH(2,_0)
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CONTCM
TMDATA
R1DATA
MDICM
MASS( I)
Eixx_512
EIZZ(51)
TWIST(51)
CE_(_I)
OMEGA
NBM
RA(30)
inertial and structural data at
r = e+(j-l)2_r, r = 1 to MHB+I
MODEB1
RTRICM
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MODEG
Name, MO_EG(R, K_LAP,_LAG, NCOLB, HINGE, F, I_, D_ )
Function: calculate Galerkln functions for bending modes
General reference: section 2.3.1
R radial station r/R
EFLAP flap hinge offset ef/R
ELAG lag hinge offset el/R
NCOLB number of functions
HINGE integer parameter: 0 for hinged blade, I for
cantilever blade
F(NCOLB) Galerkln functions fi
#
DF(NOOLB) Galerkin functions fl
n
DDF(NCOLB) Galerkln functions fi
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MOIEAI
Name: MOIEA I
Function: calculate articulated blade flap and lag modes
General reference: section 2.3.2
DEBUG
MKB
EFLAP
ELAG
KFLAP
KLAG
RADIUS
MRM
RFA
RPB
MRA
RROOT
RA(30)
OMEGA
NBM
MASS(51)
_(2o)
NuIm(20)
ETA(2, I0,96)
ETAP(2, I0,96)
ETAPP(2, IO,96)
_TAP_(2,1o)
section mass at r--e+(j-1)_r, j -- 1 to MRB+I
TMDATA
RIDATA
RTRICM
MDICM
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MO_TI
Name : MODETI
Function: calculate blade torsion modes
General reference, section 2.3.3
Evaluate Galerkln functions at r,
Calculate,
A =
B =
C =
x = _T(r - rFA)/(I - rFA)
Normalize eigenvector solutions using Galerkln functions from last
iteration, which was at r = I
DEBUG
MRB
RFA
RADIUS
MRM
NCOLT
MRA
IPITCH
KTO
KTC
KTR
OMETA
NTM
RA(30)
ITHETA(51)
GJ(51)
wT(tl)
WTO
WTC
WTR
ZETA(5,92)
ZETAP(5,92)
r +(j-1)_r, j 1 to MRB+I
GJ at r rFA + 3-1)ZMr, j I to MRB+I
TMDATA
RIDATA
RTRICM
MDICM
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MO_KI
Name, MO_GKI
Function, calculate kinematic pitch-bendi_ coupling
General reference, section 2.3.4
_UC
T75
PHIPL
PHIPH
RPH
RYB
XPH
KPIN
DEL3G
ATANKP( I0)
ETA(2,10)
 TAP(2,10)
KYB(IO)
KPG
bending modes at rpB
NBM
TMDATA
OONTCM
RIDATA
MDICM
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MODEDI
Name: MODEDI
Function: calculate blade root geometry
General reference: section 2.2.1
DEBUG
T75
CONE
DROOP
SWEEP
FI_OOP
FSWEEP
DELl
DEL2
DEL3
DEL4
DEL5
TMB_TA
CONTCM
RIDATA
MDICM
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INRTCI
Name: INRTCI
Function: calculate blade inertia coefficients
General reference: section 2.2.19
Blade pitch:
Calculate:
CMR(_M+I)--
C_m(_M+I)--
CXIM(MRM+Y ) =
section 2.3.5
CS(_M+I) = co_, S_(_M+I) = sins
CXIRM(MRM+I ) =
=M(_M,_M÷I)
C_P_p(NBM,N_MT,_mM+I)=
X( 2.NTM, NBMT, MRM+I )
_) X --
b) XH =
c) X =
XCFA = xC at rFA
XCE -- xC at e
XIE = xI at e
KP2TWP= kP2 _'w
-.%
Xkj for k:_ I and k = 0
DEBUG
T75
MRM
NOPB
RCPL
RFA
ZFA
XFA
ELAG
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TMDATA
CONTCM
RII_TA
RADIUS
MBLA[E
MRA
EFLAP
IB
NBM
NTM
NGM
NBMT
RA(30)
IPITCH
MASS(51)
I_mTA(51)
XI(51)
xc(s1)
KP2(51)
TWIST(51)
ETA(2,10.51)
_TAP(2,10,51)
ETAPP( 2, i0,51 )
ZETA(5,51 )
ZETAP( 5,51 )
_FA(2,10)
EFAP(2,iO)
ETAPH(2,10)
IELi
DEL2
DEL3
DELa
DEL5
MB
XAm(2,5,4,30)
inertial data at r = (j-l)_r,
bending modes at r = (j-l)Jkr,
torsion modes at r = (j-l)Ar,
bending modes at rFA
j = i to MRM+I
j = I to MRM+I
j = 1 to MRM+I
INRTCI
RIDATA
RTRICM
INCICM
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MOEEP1
Name : MODEPI
Function: print blade modes
TYPE
HINGE
NCOLB
NONROT
NCOLT
RCPL
EFLAP
ELAG
KFLAP
KLAG
RCPLS
TSPRNG
RADIUS
OMEGA
NBM
NTM
NGM
NUGC
NUGS
KT0
KTC
KTR
IB
MB
SB
T750LD
NU(2o)
_(2o)
_.TA(2,10,n)
".TAP(2,10,n)
ETAPP( 2,10,11 )
WT(11)
WT0
WTC
WTR
ZETA(5,11)
_.TAP(5,nl
ETAPH( 2,I0)
K_(IO)
KPG
bending modes at r = (j-l).l, j = I to 11
tor_lon modes at r = (j-1).l, j = 1 to 11
RIDATA
R_RICM
INC1CM
MDICM
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DELl
DEL2
DEL3
DEL4
DEL5
MODEPI
MDI_CM
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BODYC
Name: BODYC
Function: initialize airframe parameters at trim
Wind tunnel trim case, section 4.1.3
r, RSF with (_T rotations: sections 4.1.3, 4.1.5
Free flight trim case: section l_.l.l
Calculate R : section A_.2.1
calcu_teR _*_e'-M*(_x)Re, C, (_x)Re_, section..2.4
Airframe gust velocity in body axes: section _.I.A_
THETFT
PHIFT
PSIFP
THETFP
THETAT
PSIT
DEBUG
VEL
0PTRIM
MSTAR
MSTARG
_STAR_3,3)
RSF10(3,3)
RSF20(3,3)
Rmm2o(3;
R o(31
RHT0(3_
RVT0(3)
ROF_0(3)
RSFl(3,3)
RSF2(3,3)
Rmm1(3)
Rmm2(3)
R_T(3)
RVT(3)
ROFF(3)
vxRmKr(3)
MVXREI3,3)
GMTRX( 3,3)
IBODY(3,3)
REULE_(3,3)
RFV(3,3)
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O0IN"1_
'I_ATA
BODYCM
RF_(3,3)
K_.(3)
VmLF(3)
VCLIMB
VSII_
VGWBV/
VCHTV(_
VGVTV(3
VGWBF_3
VGHTF(3
vCVTF(3
BODYC
BODYCM
GUSTCM
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ENGNC
Name: ENGNC
Function: initialize drive train parameters at trim
Engine damping: section _.3.1
Drive system inertia, section 5.3
Drive system spring, damping, mass matrices, section 5.1.9
Drive system static elastic matrix: section 5.1.10
Calculate C_ • section 5.1.5
Calculate CD , section 5.1.9
EEBUG
OPENGN
OPRTR2
NBLD1
NBLD2
IB1
OMEGAI
GAMMAI
CD1(2)
CPSII(2)
IB2
OMEGA2
GAMMA2
CD2(2)
CPSI2(2)
I01
QTI
QDZI
I02
QT2
QDZ2
CQSI
CQS2
KIGOVE
KIGOV I
KIGOV2
GSE
GSI
KEDAMP
TMDATA
TRIMCM
RIDATA
R2DATA
RTRICM
RTR2CM
INCI CM
INC2CM
QRICM
ENDATA
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QTHRTL
IENG
IMII
KMI2
KMR
MKEI
KME2
KPC,OVE
KPGOV1
KPC_V2
TIGOVE
TIGOV1
TIGOV2
T2GOVE
T2GOV1
T2GOV2
QEmMP
IRSTAR
ME,G(6.6)
S_G(6,6)
DENG(6,6)
_NGo(z, 2)
ENGNC
ENGNCM
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MOTNCI
Name: MOTNCI
Function: initialize rotor parameters at trim
Calculate _HP' _HP' Mat: sections 2.a.2, 4.1.2
Calculate RG: section 4.1.4
Rotor gust velocity in shaft axes: section 4.1.4
Calculate c, _: section 4.2.2
Calculate cT1 section 4.2.5
Calculate _x' _y' _z: section a.I.2
DEBUG
MPSI
NSCALE
ISCALE
FSCALE
LSCALE
IB
OMEGA
MTIP
MUX
MUY
MUZ
ALFHP
PSIHP
MAT
RGUST(3,3)
cmm(6,i6)
CBHUB(3,3)
CHUBT(t6,6)
ROTATE
NBLADE
RADIUS
MRA
NEM
Dv oDY(6)
vGus (3,3o,36)
VGUSTS(3,30,36)
vGUSTH(3)
gust at rotor disk, velocity axes
gust at rotor disk, shaft axes
gust at rotor hub, velocity axes
TMDATA
TRIMCM
RTRICM
RIDATA
BD]MTA
CONTCM
GUSTCM
-18_-
MOTNCI
vEu_(3)
RFV(3o3)
REULER(3,3)
RSF(3,3)
Rmm(3)
AMODE(6, I0)
BODYOM
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BODYM1
Name : BODYMI
Function: calculate airframe transfer function matrix
General reference: section 5.1.8
DEBUG
ram(16)
MHARMF
FSCALE
NBLADE
OMEGA
DPS121
CHUBT(16,6)
AMASS(10)
ADAMPS(I0)
ASmNG(10)
ADAMPA(10)
IBODY(3,3)
Mvx I3,3 
GMTRX(3,3)
MSTAR
NAM
HBODY(16,6,10)
airframe degrees of freedom
_ (rad)| 0. for rotor #I
TMDATA
TRIMCM
RIDATA
RTRICM
BODYCM
RHICM
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ENGNM1
Name: ENGNMI
Function: calculate drive train transfer function matrix
General reference: section 5.1.9
DEBUG
MHARMF
_F(6)
FSCALE
NBLADE
OMEGA
DPSI21
CD(2)
DENG( 6,
NDM
HENG(6, I0)
drive train degrees of freedom
_2, (rad); O. for rotor #I
TMDATA
TRIMCM
RIDATA
RTRICM
ENGNCM
RHICM
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WAKEUI
Name: WAKEUI
Function: calculate uniform wake-induced velocity
General reference: section 2.4.3
Lagged thrust and moment: section 5.1.12
Vectors for aerodynamic interference: section 4.2.6
Interference induced velocity: section _.2.6
DEBUG
OPGRND
HAGL
MPSI
DPSI
cos_i(36)
SINPSI(36)
LSCALE
FSCALE
MRA
RADIUS
ROTATE
FACTOR
KHLMDA
KFLMDA
FXLMDA
FYLMDA
FMLMDA
KINTH
KINTF
KINTWB
KINTHT
KINTVT
i_ow(6)
RA(30)
OMEGA
MUX
MUY
MUZ
MRAO
RADUSO
OMEGAO
RSF(3,3)
Rmm(3)
RW_(3)
_VT(3)
K_(3)
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TMDATA
TRIMCM
RIDATA
RTRICM
R2DATA
RTR2CM
BODYCM
CT
CMY
CMX
CTOLD
CMXOLD
CMYOLD
VIND(3,30,36)
LANBDA
FGE
COSE
ZAGL
VINT(3,30,36)
LAMBDI
LAMBDHI31
LAMBDO(3)
Ei rw(3)
EINTV(3)
WKVICM
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WAKEN1
Name, WAKENi (LEVEL)
Function: calculate non-uniform wake induced velocity
General references section 3.1.4
Calculate RTFS section 3.1.3
RTF = RTsRsF
R21=( sF)ot  roto  
Lagged circulation: section 5.1.12
Interpolate induced velocity: linear interpolation between inflow
points, constant beyond first or last
point
Calculate mean induced velocity: TPP normal component, area-welgh%ed mean
LEVEL rotor wake level: 0 for uniform inflow (only
replace old circulation)
DEBUG
MPSI
DPSI
MRA
ROTATE
INFLOW(6)
 (30)
DRA(30)
DP21M _-_z, (rad)! 0. for rotor #1
DPSI21 _z, (rad) ! -_a, for rotor #2
MRAO other rotor
ROTATO
RAO(30)
IP_0(30)
NG(30)
MRG
NL(30)
MRL
FACTOR
OPVXVY
KNW
OPRTS
NLO(30) other rotor
MRL0
RSF(3,3)
RSFO(3,3) other rotor
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TMDATA
TRIMCM
RIDATA
RTRICM
R2DATA
RTR2CM
W2DATA
W2DATA
BODYCM
GAM(30,36)
CRC(36)
BETAC
BETAS
BETACO
BETASO
GAMOLD(30,36)
CRCOLD(36)
VIND(3,30,36)
LAMBDA
VINT(3,30,36)
VORH(3,36) •
LAMBDI
vw_(3,36)
v_(3,36)
VVT(3,36)
VOFF(3,36)
LAMBD}_3
LAMBDV_32
LAMBD0(3)
MR
ML
MI
MW
MH
MV
MO
0(3,20000)
0.w(3,2oooo)
other rotor
WAKEN1
QRICM
Q_R2CM
WKVICM
WKCICM
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INRTMI
Name- INRTMI
Function: calculate rotor transfer function matrix
General reference: section 5.1.6
Aerodynamic spring and damping: section 2.2.20
DEBUG
poP(is)
MPSI
MHARM
RA(30)
DRA(30)
CMEAN
MUZ
NUGC
NUGS
CGC
CGS
GLAG
CT0
CTC
CTR
NBM
NTM
NGM
NBMT
GAMA
KEPS I(21,36)
HRTR(16,16,21)
CT
LAMBBk
B_A(21,10)
T_A(21,5)
BETAG (21 )
FORCE(16,36)
NBLAEE
GSB 10)
GSTIS)
MRA
C_0RD(30)
SIGMA
XA(30)
XAC(30)
rotor bending and torsion degrees of freedom
CT
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R_I_
TRIMCM
RHICM
QR1CM
WKVICM
MNRICM
AEFICM
RIDATA
_(2o)
ETAPH(2,10)
KPG
Kin(10)
AETA(2,10,3)
AZ_A(5,30)
wT(11)
WT0
WTC
WTR
MB
MQ]_.(IO, 10)
_QDQ,S(lO, 1o)
_.s(5,1o)
b_ndlng modes at rI, I = 1 to MRA
torsion modes at ri, i 1 to MRA
INTRMI
MI)!0M
INCICM
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INRTI
Names INRTI (MX, H,KEEP, LMINV, MMI'NV)
Functions calculate inverse of transfer function matrix
MX
H(.x*.x)
dimension of Hn
complex matrix Hn to be inverted
integer vector designating degrees of freedom
to be retained! 0 for unused degrees of freedom
scratch vector
scratch vector
-19_-
MOTNHI
Name, MOTNH1
Function: calculate harmonics of hub motion
General reference, sections 5,1.5, 5.1.II
DEBUG
MHARM
MHARMF
GRAV
FSCALE
LSCALE
RADIUS
ROTATE
NBLA_
0P_B(3)
0_A
Cm_(6,16)
CBHUB(3,3)
cPsI(2)
DPSI21
K_S_(10_
KMASTS (10)
RSF(3,3)
K_.(3)
NAM
DVBODY(6)
DOMIglA
QSSTAT(IO)
PISTAT
PHi(_o,16)
PSID(10.2)
TH_(IO)
PHIO(1O,16)
THTGO (10)
A_(I0,6)
DPSISO
_h_ (tad)| O. for rotor#1
(due to other rotor)
TM_TA
TRIMCM
R1]_TA
RTRICM
BODYCM
ENGNCM
OONTCM
MNSCM
M_I_
MNR2CM
M_I_
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MOTNRI
Name: MOTNRI (JSTART)
Function: calculate harmonics of rotor motion
General reference, sections 5.1.6, 5.1.13
Lag damper moment: section 2.2.16
Calculate coning and tip-path plane tilt: section 3.1.3
Calculate hub reactions: section 5 .I.7
JSTART
MPSI
MPSIR
DEBUG
MHARM
MHARMF
DO_'T(4)
NBI_IN
GAMMA
NBM
N_I
NGM
NBMT
GLAG
MLD
DZLD
CGC
CGS
NUGS
NUGC
KPB(IO)
KPG
ETAP_( 2,10)
ETATIP(2, I0)
B0
BC
BS
BETA(21 ,I0)
THETA (21,5)
BETAG( 21 )
DPSI
COSPSI(36)
SINPSI(36)
KEPSI(21,36)
HRTR(16,16,21)
azimuth index Jstart
bending mode at r = I
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TMDATA
R1DATA
RTR1CM
MUICM
QRICM
MNRICM
TRIMCM
RHICM
FORCE(16,36)
From(6,36)
TOEQUE(36)
SAVE(36,20)
Q(lO)
DTT
RB
SB
I0
TQ(10)
sQ(2,1o)
TQA(2,10)
_Q0(IO)
IFX0
IMXO
_P(5) .
Ir_(5,5)
iPo(5)
XAYQ(2,5,4,30)
MQDQ(IO,IO)
MPP(5,5).
IQI_( I0, I0)
@
sr_(5,to)
summed
over qj
AEMNCM
INCICM
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MOTNBI
Name: MOTNBI(PSl)
Function: calculate blade and hub motion
General reference: section 5.1.5
Rigid pitch Pr: section 5.1.3
PSI
9(1o)
DTT
MHARM
MHARFM
NBLAD_
NBM
NTM
NGM
Kin(10)
KPG
T75
TIC
TIS
BZTA(21,10)
r_A(21,5)
B_TAC(21)
ALF(10,6)
DPSIS0
AEMNCM
TMDATA
RIDATA
RTR1CM
MDICM
CONTCM
MNRICM
MNHICM
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AEROFI
Name: AEROFI(JPSI ,QT,MQ,MP,_4X,CMZ, CFX,CFZ, CFR)
Function: calculate blade aerodynamic forces
..%
Calculate XAP = XAk: section 2.2.19
Section velocity components: section 2.4.2
Calculate U, M, _, 04 : section 2.4.1
in rad, _in deg
Calculate &c/Vi section 2.4.7
Calculate cos.A-: section 2.4.6
REVFLW = I if just crossed reverse flow boundary
Tip loss correction: section 2.4.5
Section forces and pitch moment: section 2.4.1
Fz= Fz/aCm,i_X= F#acm,_ : Fdacm,_ ,_ = l_,,dacm-
Circulation: section 2.4.9
Unsteady lift, moment, and circulation: sections 2.4.8, 2.4.9
L_s:Luslac,M_ :Muslac,GUS:%lao
Maximum circulation outboard rGmax: section 3.1.4
JPSI azimuth index j
QT(4) %:ltrim
MQ(10) Mqkaero/aC
MP(5) M_aero/aC
CMX CmJ_-a
CMZ Cmz/_-a
CFX Cfd-- a
CFZ Cfz/O-a
CFR Cfd_-a
Q(lo)
m(_o)
Dm(io)
DP(5)
DDP(5)
BC
DBG
DIBG
AHUB(6)
DAtum(6)
DOAmm(6)
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A_MNCM
PS
DPS
DDPS
DEBUG
MPSI
DPSI
FSCALE
COSPSI(36)
SINPSI(36)
MRA
CmRD(30)
TWIST(30)
THETZL(30)
XA(30)
XAC(30)
RGMAX
RFA
XFA
0PUSLD
RA(30)
I_A(30)
MTIP
OMEGA
CMEAN
FTIP(30)
MUX
MUY
MUZ
NBM
NTM
NBMT
RGUST(3,3)
CHUB(6,16)
XA_(2,4,5_30)
T75
DVBO_Y(6)
VIND(3,30,36)
VINT(3,30,36)
CAM(30,36)
CIRC(36)
SAVE(30,36,19)
VGUST(3,30,36)
vCUSTH(3)
interference velocity from other rotor
gust at rotor disk, shaft axes
gust at rotor hub, velocity axes
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AEROFi
AEMNCM
TM_ATA
TRIMCM
RII_TA
R_I_
INCICM
CONTCM
WKVICM
WKV2CM
QRICM
AESICM
GUSTCM
ZTA(2.10,30)
ETAP(2,10,30)
ETAPP(2,10,2O)
ZETA (5,30)
ZETAP(5,30)
DELl
D_L2
DEL3
DEL_
DZL5
bending modes at ri, i = 1 to MRA
torsion modes at ri, i = I to MRA
AEROF1
MDICM
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AEROSI
Name: AEROSI (ALPHA, DALPHA, COSYAW ,MACH, JPSI, IR ,REVFLW, CL, CD, CM, CDR,OPTION)
Function: calculate blade section aerodynamic coefficients
Corrected Mach number: section 2.4.5
Stall model, delayed c_: section 2.4.7
Yawed flow, effective c_: section 2.4.6
Calculate 2-D airfoil characteristics at effective c_ and M: section 2.4.7
Section characteristics corrected for yawed flow and stall delay:
sections 2.4.6, 2.4.7
Dynamic stall vortex loads: section 2.4.7
ALPHA
DALPHA
COSYAW
MACH
JPSI
IR
REVFLW
CL
CD
CM
C_R
OPTION
angle of attack _ (deg)
mc/V
COS -_.
Mach number M
azimuth index j
radial station index i
integer parameter: I if just crossed reverse flow
boundary
c_
cd
C
m
Cdradial
integer parameter: 0 for derivatives of coefficients
in flutter analysis (no dynamic stall vortex loads,
and calculated data not saved)
STATE(30,36,3)
DCLMAX(30,36)
DCDMAX(30,36)
DCMMAX (30,36)
MEFF(30,36,3)
AEFF(30,36,3)
  13o,36)
DCDDS_ 30,36)
DCMDS(30,36)
MRA
MCORRL(301M RRD(30
MCORRM(30
AESICM
RIDATA
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TAUL
TAUD
TAUM
A_Y
AMAXNS
Pslns(3)
AU_S(3)
ALFRE(3)
CLDSP
CDDSP
CMDSP
0PYAW
OPSTLL
OPCOMP
DEBUG
MPSI
•AEROSI
RIBATA
TMDATA
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AEROTI
Name: AEROTI(ALPHA,MACH,RADIAL,OPTION,CL,CD,CM)
Function: interpolate airfoil tables
General reference: section 2.4.4
ALPHA
MACH
RADIAL
OPTION
CL
CD
CM
angle of attack o_ (deg)
Mach number M
radial statlonr/R
integer parameter: if I calculate ca, if 2 calculate
cd, if 3 calculate Cm, if 4 calculate all three coefficients
C_2D
Cd2D
Cm2D
NAB
NA(20)
A(20)
me
m_(2o)
M(2o)
Nero
R(n)
CLT(5000)
OPT(5000)
CMT(5000)
AITABL
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BODYVl
Name : BODYVl
Function: calculate harmonics of airframe motion
General reference: section 5.1.8
DEBUG
MPSI
MHARMF
NBLA_
NAM
HBODY(16,6, I0)
FHUB(6,36)
P I(i0,16)
KEPSI(21,36)
TMDATA
RIDATA
BODYCM
RHICM
AEFICM
MNRICM
TRIMCM
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ENGNVI
Name : ENGNVI
Function: calculate harmonics of drive train motion
General reference, section 5.1.9
EGBUG
MHARMF
MPSI
NBLAIE
NDM
TORQUE(36)
Ps_o(lO,6)
_m.c(6,1o)
KEPS I(21,36)
TMDATA
RI_TA
ENGNCM
AEFICM
MNRICM
RHI CM
TRIMCM
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MOTNFI
Name : MOTNFI
Function: calculate rotor generalized forces
General reference: section 5.1.7
C-/_-ifand CX/_-_ for trim : section 5.2.1
DEBUG
MPSI
SIGMA
GAMMA
MUX
MUY
MUZ
CmmT(16,6)
FHUB(6,36)
FHUBM (6)
CLS
CXS
CTS
CYS
CT
CMX
CMY
TMDATA
RII_TA
RTRICM
AEFICM
QRlCM
-207-
MOTNS
Name: MOTNS
Function: calculate static elastic motion
General referencez section 5.1.10
DEBUG
mFA(16)
DOFD(6)
OPRTR2
CHUBTI (16,6)
CHUBT2(16,6 )
DDALFI (
DDALF2(661
FHUBMl166IFHUBM2(
ASPRNG( IO)
AC_L(4, I0)
NAM
HENG0(2,2)
NDM
DELF
DELE
DELA
DELR
MBI
MB2
QSSTAT(10)
PISTAT
PESTAT
airframe degrees of freedom
drive train degrees of freedom
TMDATA
TRIMCM
RTRICM
RTR2CM
MNHI CM
MNH2CM
QRICM
QR2CM
BODYCM
ENGNCM
CONTCM
INCICM
INC2CM
MNSCM
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BOD_
Name: BODYF(LEVELI,LEVEL2)
Function: calculate airframe generalized forces
General reference: section 4.2.6
LEVEL2
DK'BTTG
MPSI
AFLAP
GAMMA
SIGMA
RADIUS
OMEGA
OPRTR2
VBODY(3)
WBODY(3)
DELF
DELE
DELA
DELR
DDZF
CANTHT
CANTVT
REULEI_(3,3)
R (3)
R (3)
RVT(3)
VELF(3)
QVT(
SAVe(31)
v I(3,36)
VIHI(3,36)
VIVI(3,36)
LMDAHI
LMDAVI
wake level for rotor#1 and rotor #2:
uniform inflow
reference rotor
0 for
TMDATA
TRIMCM
CONTCM
BDDATA
BODYCM
QBDCM
WKVICM
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v_2(3.36)
VIH2_3,36)
VIV2(3,36)
LM_W2(3)
T.MDA_3_
LMDAV2(3)
G_I3)
GHT_3)
GVT(3)
gust in F axes
BODYF
WKV2CM
GUSTCM
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BODYA
Name, BO DYA (VWB, VHT, VVT,WWB, AFLAP, IELF, IELE, IELA, IELR, DAWB,
FWB, MWB, FHT, FVT, ANGLES )
Function: calculate body aerodynamic forces
General references section 4.2.6
v_(3)
VHT(3)
VVT(3)
W_(3)
AFLAP
DE_
DELE
DELA
DELR
DAWB
_(3)
F_(2)
FVT(2)
ANCL_S(6)
velocity (u, v, w) at wing-body, horizontal tail,
and vertical tail| F axes| ft/sec or m/sec
angular velocity (p, q, r); rad/sec
flap angle _F (deg)
flaperon control _f (tad)
elevator control _e (rad)
aileron control _a (tad)
rudder control % (tad)
;_WB (radlsec)
(Dlq,Y/q,LIq)wB;ft2 or 2
(M./q, Mdq, Mlq)_; ft3 or m3
_ _ A W,I_ 2
(D/q, L/q)HT| ft z or m
(D/q, L/q)VT; ft 2 or m 2
_-) ; deg
(_WB' _WB' _HT' _VT' '
CANTHT
CANTVT
LFTAW
OPTINT
BD_ATA
BADATA
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WAKECI
Name: WAKECI(LEVEL)
Function: calculate influence coefficients for nonuniform inflow
General reference: sections 3.1.3, 3.1.4
Calculate h for axisymmetric wakes section 3.1.6
Ground effect parameters: sections 2.4.3, 3.1.5
Calculate first blade/vortex intersection age and core bursting
age: section 3.1.7
Wake age loop:
JTEMJ = Jte- j
Burst/unburst core radius: section 3.1.7
Axisymmetric far wake: section 3.1.6
Complete C and CNW for axlsymmetrlc geometry: section 3.1.6
LEVEL
NBLADE
RADIUS
ROTATE
RR00T
CHORD(30)
MRA
INFLOW(6)
ROTAT0
RA DUSO
OMEGA
CMEAN
RA(30)
PIER(36)
PBURST(36)
DPSI21
OMEGAO
BETAC
BETAS
BETASO
BETASO
MPSI
DEBUG
DEBUGV
0PGR ND
HAGL
wake analysis: 0 for uniform inflow, I for
prescribed, wake, 2 for free wake geometry
other rotor
_, (tad) | - _Z, for rotor #2
other rotor
debug print control for VTXL and VTXS
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RIDATA
R2DATA
R_ICM
RTR2CM
_ICM
_2CM
TMDATA
DPSI
LSCALE
FSCALE
Rw_(3)
_HT(?)
RVT(3)
RHUB(3)
ROFF(3)
RSF(3,3)
RSFO(3,3)
RFE(3,3)
K2T
MUTPP(3)
KNW
KRW
KFW
KEI4
RRU
FRU
PRU
FNW
DVS
DLS
CORE(5)
oPco_(2)
w_o_(13)
oP_s(z)
LHW
OPh'W
OI:_RTS
VELB
DPHIB
DBV
QDEBUG
MRG
_c(3o)
NL(30)
MRLO
other rotor
other ro tor
other rotor
WAKECI
TRIMCM
BODYCM
WGICM
WIDATA
W2DATA
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MR
ML
MI
MW
MH
MV
MO
00,2oooo)
ONW(3,20000)
WAKECI
WKCIOM
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WAKEBI
Name: WAKEBI (PSI, OPTION,RBR,RBT,RB)
Function: calculate blade position
General reference: section 3.1.3
PSI
OPTION
RBR(3)
R_T(3)
RB(3,30)
MPSI
MHARMF
MHARM
RFA
ZFA
XFA
NBLADE
RROOT
NBM
RA(30)
om_P(3)
MRG
NG(?0)
MRL
NL(?0)
BETA(2i,IO)
BETAG (21)
PSIS(IO)
PSISO
ETA(2,10,30)
ETAR(2,10 IETAT( 2,10
DELl
DEL2
DEL3
(tad)
.%
integer parameter controlling calculation of rh: .
if I, at r.... and 11 if 2, at circulation s%a_ions,
if 3, at i'_?_'w stations
rb at rROOT
_b at tip (r = 1)
rb at inflow or circulation stations
bending modes at ri, i = 1%o MRA
bending modes at r 0bendingmo esat =I)
TMDATA
RIDATA
RTRICM
WIDATA
MNR ICM
MNHI CM
MDICM
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VTXL
Name: VTXL(RI,R2,RP,MO_EL,OPCORE,CORE,DLS,CHORD,PSI,OPGRND,ZAGL,RTE,
VI,V2,DEBUG)
Function: calculate vortex llne segment induced velocity
General reference: section 3.1.7
2
Calculate: SI = sl/s, $2 = s/s, RMSQ =
Lifting surface correction:
ANGLS = .A.(deg)
HLS = h (-1.0 for no correction)
RSINL = rsin.A_ , OOSL = cos.A_, SINL = sinai.
LLL = LII, LLS = hs' FACTLS = hs/Lll
Image element in ground effect: section 3.1.5
RI(3)
R2(3)
RP(3)
MODEL
0 PCORE
CORE
DLS
PSI
CHORD
01_ND
ZAGL
RT (3,3)
DEB UG
vi(3)
v2(3)
(at @+
r% (at.P)
integer parameter: I for stepped vortlcity distribution,
2 for linear vortlcity distribution
integer parameter defining vortex core type: 0 for
distributed, i for concentrated vorticity
vortex core radius r
C
dls for lifting surface correction, LT O. to suppress
7; required for dls _ 0 only
chord c at P; required for dls % 0 only
integer parameter: 0 for out of ground effect
ZAGL; required in ground effect only
RTE| required in ground effect only
integer parameter: debug print if GE 3
Z_$ due to q (at 4)
Z_ due to _'2 (at _+ Z_)
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VTXS
Name: VTXS(R1,R2,R3,R4,RP,MODELT,MODELS,OPCORE,CORET,CORES,DVS,
OPGRND,ZAGL,RTE,MDLT,MDLS,VTI, VT2,VSI,VS3,DEBUG)
Function: calculate vortex sheet segment induced velocity
General reference: section 3.1.8
Image element in ground effect: section 3.1.5
RI(3) rq
R2(3) _2
..m
R3(3)
R_(3) r4
RP(3)
MODELT
MODELS
OPCORE
CORET
CORES
DVS
OPGRND
ZAGL
R_(3.3)
DEBUG
MDLT
MDLS
VTI(3)
VT2(3)
vet(3)
vs3(3)
rp
integer parameters defining trailed and shed vorticity
model: 0 to omit, I for stepped llne, 2 for linear
llne, 3 for sheet
integer parameter defining vortex core type: 0 for
distributed, I for concentrated vorticlty
r for trailed vortlcity (LT O. for s/2)
C
r for shed vorticity (LT O. for t/2)
C
d for sheet edge test; LT 0. to suppress
vs
integer parameter: 0 for out of ground effect
ZAGL| required in ground effect only
RTE! required in ground effect only
integer parameter: debug print if GE 3
integer parameters specifying trailed and shed vorticity
model used
_t due to _I (at _, outside edge)
2k_t due to ["2 (at _+ _, outside edge)
_V dueto FI (at_, outsidedge)
_% due to F 3 (at _, inside edge)
(Avt3 = -avtl, _vt 4 = -/_vt2)
(Zivs2 = -Z&Vsl, /IVs_ = -/_Vs3)
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GEOMEI
Name: GEOMEI(K,L,LEVEL,RWT,RWS0,RWSI)
Functions evaluate wake geometry
General references section 3.1.3
LEVEL wake analysis :
free wake geometry
RWT(3) -_rw at tip vortex
RWS0(3) _ at sheet inside edge
W
RWSI(3) _rw at sheet outside edge
MPSI
DPSl
KRWG
KFWG
RBR(3,36)
RBT(3,36)
MUTPP( 3 )
DZT(I )
K2T
DZSI(I_)
DRSI(I_)
K2SI
DRSO(I )
DFWG(3,2304)
I for prescribed wake geometry, 2 for
TMDATA
TRIMCM
WIDATA
GIDATA
WGICM
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GEOMRI
Name: GEOMRI(LEVEL)
Function: calculate wake geometry distortion
General reference, section 3.1.3
Prescribed wake geometry: CTG = CT, CTOS = C_,-, TW = _tw (deg)
LEVEL
DEBUG
MPSI
DPSl
NBIADE
SIGMA
TWIST(30)
KHLMDA
RROOT
MRA
LAMBIIA
LAMBDI
KRWG
0PRWG
FWGT(2)
_Gsl(2)
FWGSO(2)
KWGT(.)
KWCSI(4)
KWGSO(_)
CT
tIRe(36)
BETAC
BETAS
RA(30)
MUX
MUY
MUZ
RBR(3,36)
K2SO
wake analysis: I for prescribed wake geometry, 2 for
free wake geometry
@tw at ri, i = I to MRA
interference velocity, due to other rotor
CT
TM]MTA
TRIMCM
RIDATA
WKVICM
WKV 2CM
WII_TA
O_iCM
RTRICM
WGICM
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GEOMFI
Name : GEOMFI
Function: calculate free wake geometry distortion
General reference: section 3.2
Subprograms required, WGAM, DCALC, NWCAL, WQCAL, VSCAL, QSVL, QCVL, QVS
DEBUG integer parameter controlling debug TMDATA
print: GE I, print D at_ = 2_v/N each
iteration; GE 2, allow printing; GE 3,
controlled by IPWGE8 and QWGIB
(maximum 24, multiple NBLAEE)MPSI
SIGMA
NBLAIE
PHIBWG(36)
DBV
MUTPP(3)
DFWG(3,2304)
LAMBDA
FACTGE
LAMBDI
CONING
CIRC(36)
KFWG
01_WG
ITE_WG
FACTWG
WGMODL(2)
Co_wG(_)
MRVBWG
LDMWG
IPWGm(2)
QWGE8
DQWG(2)
DELl
DEL2
core burst age _b(_ ) (rad)
interference velocity, due to other rotor
( ad)
RIDATA
RTRICM
WIIMTA
WGICM
WKVICM
WKV2CM
QRICM
GInATA
M_CM
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MINV
Name: MINV(A, N,D,L,M)
Function: calculate inverse of matrix
Input:
A(N*N) matrix (destroyed)
N _imension
L(N+I ) scratch vector
M(N_) scratch vector
Output:
A(N*N) A - inverse
D determinant of AI O. if A is singular
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MINVC
Na_es MINVC(A,N,D,L,M)
Functions calculate inverse of complex matrix
Input:
A(N*N) complex matrix
N dimension
L(N+I) scratch vector
M(N+I) scratch vector
0 utput I
D
complex A- inverse
complex determinant of At O. if A is singular
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EIGENJ
Name: EIGENJ(N, NM, A, T,EVR, EVI, VECR ,VECI, INDIC, NEI)
Functions calculate eigenvalues and eigenvectors of matrix
Subprograms required: SCALEM, HESQR, REALVE, COMPVE
Input:
A(N*N)
N
NM
NEI
T
matrix A (destroyed)
order of matrix
actual first dimension of arrays; maximum I00
0 to calculate only elgenvalues
dummy argument (set to 24. in EIGENJ)
0 utput:
EV_(N)
V C (N-N)
VECI(N*N)
INDIC(N)
real part of eigenvalues of A
imaginary part of eigenvalues of A
real part of eigenvectors of A
imaginary part of eigenvectors of A
if 2, no error; if I, elgenvector not found; If 0,
neither elgenveetor nor eigenvalue found
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EERED
Name: E_RE_ NX, NV, DOF, CON,A2, AI, AO,B, DOFI, DOFO, NAMEX, NAMEV)
Function: eliminate equations and variables from system of differential
Input:
NX
NV
ooN( )
A2(NX*NX)
AI(NX*NX)
AO(NX*NX)
B(NX*NV)
 OFO(NX)
oo i( x)
NAMEX(NX)
NAMEV(NV)
equations
dimension of matrices
dimension of matrices
integer vector designating degrees of freedom to be
eliminated: DOF = 0 if variable not used
integer vector designating controls to be eliminated:
OON = 0 if variable not used
coefficient matrices
control matrix
integer vector
integer vector
vector of variable names
vector of control names
Output:
A2
AI
AO
B
DOFO
DOFI
NAMEX
NAMEV
reconstructed matrices and vectors
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_TRAN
Names QSTRAN(MX, MX0,MXI ,MV ,A2,AI,A0,B0, DOFI, DOF0, NAMEX)
Functions quaslstatic reduction of system of linear differential
equations
General reference: section 6.3.2
Input,
A0(MX X)
B0(Mx* )
MX
MX0
MXl
MV
coefficient matrices
control matrix
integer vector designating first order degrees
of freedom: DOFI(I) = 0 for xi first order
integer vector designating quasistatic variables:
DOFO(I) = 0 for xi quaslstatic
number of degrees of freedom, maximum 60
number of quaslstatic degrees of freedom
number of first order degrees of freedom
number of controls, maximum 60
vector of variables names
Output:
A2
A1
AO
B0
DOF1
NAME/
MX
MXI
reconstructed matrices and vectors
number of remaining degrees of freedom (MX-MX0)
number of remaining first order degrees of freedom
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CSYSAN
Name: CSYSAN(N,MX,MX1 ,MV,A2,A1 ,A0,B0,NFREQ,FREQ, NSTEP,IDF1 ,FSCALE,
NAMEX, NAMEV, NFOUT)
Function: analyze system of constant coefficient linear differential
equations
General reference: sections 7.2, 7.2.1
N
A2_MX*MX)
AI Mx x 
BO(MX*NV)
MX
MXI
MV
mFl( )
FSCALE
NAMEX(MX)
NA W(MV)
NSTEP
NFaEQ
FREQ(mm .Q)
NFOUT
calculation control
N = 0 1 2 10 11 12
eigenvalues x x x x x x
eigenvectors x x x x
check sums x x
zeros X X X
coefficient matrices
control matrix
number of degrees of freedom
number of first order degrees of freedom
number of controls
(maximum MX2= 2*MX-MXl = 60; maximum MV = 60)
integer vector designating first order degrees of
freedom (zero columns in A0); DOFI(1) = 0 for xi
first order
frequency scale factor /-4 (in rad/sec to obtain
frequencies in Hz and times in sec),- there is no
print of dimensional eigenvalues if FSCALE T0.
vector of variables names
vector of control names
static response calculated if NSTEP # 0
number of frequencies for which frequency response
calculated| none if NFREQ_<0
vector of frequencies (dimensionless) for calculation
of frequency response
unit number for printed output
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CSYSAN
0utput t
LAMDA(MX2)
MX2
eigenvalues
number of elgenvalues
available in following common blocks
COMMON/EIGVC/LAMDA(60) ,MX2
COMPLEX LAMDA
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DETRAN
Name: EETRAN(A, MX,MXl,MV ,A2,A 1,A0,B0, DOF1, NAMEX, NAME, NFOUT)
Function: transform equations to state variable form
General reference: section 7.1
Input:
A2(Mx* 1
AI(MX*MX)
A0(_*Mx)
BO(MX*mr)
MX
MXI
MV
_OFI(_)
_A_X(MX)
NFOUT
coefficient matrices
control matrix
number of degrees of freedom, maximum 60
number of first order degrees of freedom
number of controls, maximum 60
integer vector designating first order degrees of
freedom; DOFI(I) = 0 for xi first order
vector of variable names
unit number for printed output
0utput:
A(_ 2*Mx2)
B0(_x*_)
NAME(MX2)
coefficient matrix
control matrix
vector of variable .ames
(MX2 = 2*MX - MX1)
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SINE
N_me, SINE(W,A,ASQ,BO,MX,MXI,MV,NAME,NAMEV,NFOUT)
Function. calculate frequency response from matrices
General reference 7.2.3
Responsecalculation: for last _ states only
W
A(Mx2* 2)
ASQ(MX2* 2)
BO(MX*MV)
MX
MXI
MV
NAME(MX2)
NAMEV(MV)
NFOUT
frequency (dimensionless)
coefficient matrix A
coefficient matrix squared, A2
control matrix
number of degrees of freedom
number of first order degrees of freedom
number of controls
(maximum MX2= 2*MX- MXI = 60| maximum MV = 60)
vector of variable names
vector of control names
unit number for printed output
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STATIC
Name, STATIC(A ,B0,MX ,MXl,MV, NAME, NAMEV, NFOUT)
Functions calculate static response from matrices
General references section 7.2.2
Response calculations for last MX states only
A(MX2*MX2)
B0(Mx*Mv)
MX
MXI
MV
NFOUT
coefficient matrix
control matrix
number of degrees of freedom
number of first order degrees of freedom
number of controls
(maximum MX2= 2*MX- MXI = 60; maximum MV = 60)
vector of variable names
vector of control names
unit number for printed output
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ZERO
Name: ZERO(A ,BO,MX2,MX ,MV,NX, NV)
Functlon: calculate zeros
General reference: section 7.2.4
A(_2_X2)
B0(_*MV)
MX2
MX
MV
NX
NV
coefficient matrix
control matrix
number of states, maximum 60
number of degrees of freedom
number of controls
state number i for which zeros to be calculated
control number j for which zeros to be calculated
0utput:
LAMDAZ(MZ)
KI
MZ
xi'vj! qV(z-szeros of
factor KI: xi/vj = KI _1_(p-s)
number of zeros
available in the following common blocks
OOMMON /EIGVZ/LAMDAZ (60),KI, MZ
COMPLEX LAMDAZ
REAL K1
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ZETRAN
Name : ZETRAN(Z ,MZ )
Function: transform matrix for zero calculation
General reference: section 7.2.4
Input:
Z(MZ*MZ)
MZ
matrix A* (A with xi column replaced by vj column of B)
number of states, MX2
MZ
matrix A4 (elgenvalues of which are the zeros)!
the factor Ki is in Z(MZ*MZ+I)
number of zeros
GT 0 finite number of zeros exists
0 no zeros, K1 = Z(t)
LT 0 xi not cont_ollable by vj
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BODE
Name: BODE(MX, MXI ,MV,A2,A 1,A0,B0, D0F I,NAMEX, NAMEV, NPLOT, NAMEXP, NAEMVP,
NX, NV,NF0, NF1, ND,MSCALE, NFOUT)
Function: calculate and prlnter-plot transfer function (Bode plot)
General reference: section 7.2.3
A2(MX* )
AI(MX*MX)
A0(MX*MX)
B0(Mx* )
MX
MXI
MV
mVl(MX)
NAMEX(MX)
NA v(Mv)
NPLOT
NAMEXP(NX)
NAMEVP(NV)
NX
NV
NF0
NFI
ND
MSCALE
NFOUT
coefficient matrices
control matrix
number of degrees of freedom
number of first order degrees of freedom
number of controls
(maximum MX2 = 2*MX-MXI = 60; maximum MV= 60)
integer vector designating first order degrees of
freedom; DOFI(I) = 0 for xi first order
vector of variable names
vector of control names
frequency response calculation method: if I, from
matrices; if 2, from poles and zeros
vector of variable names to be plotted (inconsistent
names ignored)
vector of control names to be plotted (inconsistent
names ignored)
number of degrees of freedom to be plotted; maximum 30
number of controls to be plotted; maximum 30
exponent (base 10) of beginning frequency
exponent (base I0) of end frequency
frequency steps per decade
(maximum NF= (NFI -NF0)*ND+ 1 = 151)
magnitude plot scale: if I, plot relative maximum value;
if 2, plot relative 10**K; if 3 plot relative I0.
unit number for printed output
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BOEGPP
Name: BOr_PP(HM, HP, NF0, NFI,ND,OPTION, NFOUT)
Function: printer-plot transfer function magnitude and phase
NFO
NFI
ND
OPTION
NFOUT
transfer function magnitude
transfer function phase (degrees, -180 to 180)
(N = (_1- _O)*ND+1)
exponent (base 10) of beginning frequency
exponent (base 10) of end frequency
frequency steps per decade
magnitude plot scale: if I, plot relative maximum
value| if 2, plot relative 10**K; if 3, plot
relative 10.
unit number for printed output
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.TRACKS
Name: TRACKS(A 2,Ai ,A0,BO,MX, MXI ,MV, DOFI ,OMEGA, NAMEX, NAMEV, NPLOT,
PERIC D, DELT, TMAX, NAME×P, NAMEVP, NX, NV, NFOUT)
Function: calculate and printer-plot time history of tlme-invariant
system response
General references section 7.2.5
Calculate elgenvalue matrix and mod_l matrix"
MRED = M without unused states (rows)
_{B = M-IB without unused controls (columns)
A2(MX* )
AI(MX*MX)
A0(MX*MX)
MX
MXI
MV
 OFI(MX)
NAMEX(MX)
NAMEV(MV)
OMEGA
NPLOT
PERIOD
DELT
TMAX
coefficient matrices
control matrix
number of degrees of freedom
number of first order degrees of freedom
number of controls
(maximum MX2= 2*MX- MX1 = 60; maximum MV = 60)
integer vector designating first order degrees of
freedom; DCFI(I) = 0 for xi first order
vector of variable names
vector of control names
frequency scale (rad/sec)
control input type
1 step
2 impulse
3 cosine impulse
4 sine doublet
5 square impulse
6 square doublet
period T (sec) for impulse or doublet (NPLOT = 3 to 6)
time step (sec)
maximum time (sec)
(maximum NX*NV*TMAX/DELT = 7200)
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NA mVP(NV)
NX
NV
NFCUT
TRACKS
vector of variable names to be plotted (inconsistent
names ignored)
vector of control names to be plotted (inconsistent
names ignored )
number of degrees of freedom to be plotted; maximum 30
number of controls to be plotted| maximum 30
unit number for printed output
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TRCKPP
Name: TRCKPP(TRA CE, NX, NV ,MT,DELT, NAMEXP, NAMEVP, NFOUT)
Functlo-z prlnter-plot time history
TRACE(NX, NV ,MT)
NX
NV
MT
DELT
NAM XP( X)
NA VP( )
NFOUT
array of time history traces to be plotted
number of degrees of freedom to be plotted
number of controls to be plotted
(maximum NX*NV = 26)
number of time steps to be plotted
time step (sec)
vector of variable names
vector of control names
unit number for printed output
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GUSTS
Name: GUSTS(A 2,A I ,AO,BO,MX ,MXI ,MV ,MG, DOFf, NAMEX ,RADIUS ,OMEGA ,GRAY,
EULER, VEL, LGUST, MGUST, NAMEXR, NAMEXL, ML, NAMEXA, MACC,
FREQA ,RACC, NEM, ZETA, NAME%B, NFOUT)
Function: calculate and print rms gust response
General reference: section 7.2.6
A2(MX*  )
AI(MX*MX)
AO(MX*MX)
BO(MX*m')
MX
MXI
MV
MG
mF1( )
mMEx(Mx)
RADIUS
OMEGA
GRAV
E_m(2)
V L(3)
LCUST(MG)
MGUST(MG)
NAMEXB(3)
coefficient matrices
control matrix (gust in last MG columns)
number of degrees of freedom
number of first order degrees of freedom
number of controls and gusts
number of gust components
(maximum MX2 = 2_%MX- MXI +MACC + MG = 60)
(maximum MG = 3)
integer vector designating first order degrees
of freedom; IDFI(1) = 0 for x i first order
vector of variable names
length scale R (ft or m)
frequency scale /_(rad/sec)
acceleration due to gravity (ft/sec 2 or m/sec 2)
trim Euler angles @WT and +FT (rad); required
for body axis acceleg_tlon onl@
velocity components in body axis frame (divided by
A_.R); only magnitude required (for _=G) unless body
axis acceleration calculated
real vector of gust correlation lengths: if GT 0,
dimensional correlation length L (_:_ = L/2V)| if
EQ O, L = _00. used| if LT 0, magnitSde is correlation
time _._ (dimensionless), so break frequency is
real vector of gust component relative magnitudes
names of a_s_es_ t elc in state vector (NAMEX)|
analysis ign red  -s', Isfono immediately (inconsistent
-238-
_A_XT.(ML)
ML
.A_mXA (MACC)
F_mA(mCC)
_CC
_ACCO)
Z_TA(3,_M)
_A_XB(6+_)
NFOUT
GUSTS
names of linear degrees of freedom in state
vector (NAMEX) for dimensional output (ft or m,
obtained from R)! degrees of freedom not
identified are angular (degrees) (inconsistent
names ignored)
number of linear degrees of freedom
names of degrees of freedom (NAMEX) for which
acceleration calculated; last three names must
equal ACCB to calculate body axis acceleration
(all three or none) (inconsistent names ignored)
accelerometer break frequency (Hz), in same order
as NAMEXA! _rev used if FREQA _ 0.
number of accelerometers| none if MACC _< 0
x, y, z location of point at which body axis
acceleration calculated (dimensionless)
airframe elast mode shapes, k = I to NEMI required
for body axis acceleration only
.number of airframe elastic modes; none if NEM _ O;
maximum I0
,_es of,_. %. -eF,_. YF' _F' _1 "'" _M
in state vector (NAMEX); assumes all elastic airframe
states are consequtive; required for body axis
acceleration only (inconsistent names ignored)
unit number for printed output
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PSYSAN
Na_,e, PSYSAN(MX,MXI,A2,AI ,A0, PHI,DT,NT,MT,PERIOD,DOFI,NINT,NFOUT)
Function: analyze system of periodic coefficient linear differential
equations
General reference, section 7.3
AIIMX'MX)
A0(MX*MX)
MX
MXl
DOFI(MX)
DT
NT
MT
PERIOD
PHI
NINT
NFOUT
coefficient matrices
number of degrees of freedom
number of first order degrees of freedom
(maximum MX2 = 2*MX- MXI = 60)
integer vector designating first order degrees
of freedom (zero columns in A0); DOFi(1) = 0
for xi first order
time increment! may vary with NT, but for Runge-Kutta
integration successive pairs must be equal
time step counter (NT = 0, i, 2, ... MT)
total number of time steps in numerical integration!
for Runge-Kutta integeration, must be even
period T of the system
temporary storage of state transition matrix _ and
last A; dimension 2*MX2*MX2 for modified trapezoidal
integration; dimension 3*MX2*MX2 for Runge-Kutta
integration (MX2 = 2*MX-MXI)
numerical integration method: if I, modified
trapezoidal method, error order DT**3| if 2,
Runge-Kutta method, error order (2*DT)**5
unit number for printed output
Output:
LAMDA(MX2)
 AMDAC(MX2)
MX2
roots _ (principal value)
elgenvalues _C of _(T)
number of poles
available in the following common block,
COMMON /EIGVP/LAMDA(60),LAMDAC(60),MX2
COMPLEX LAMDA,LAMDAC
-2b,o-
Typical usage:
DT = PERIOD/MT
DO 1 NT= O,MT
T= DT*NT
calc-late coefficient matrices at time T
1 CALL PSYSAN
PSYSAN
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DEPRAN
Name, EEPRAN(A ,MX,MXI ,A2,AI,A0,DOF1, NFOUT)
Function: transform equations to state variable form
General reference, section 7.1
Input,
A2_MX*MX_
AO(MX*MX)
MX
MXl
NFOUT
coefficient matrices
number of degrees of freedom_ maximum 60
number of first order degrees of freedom
integer designator of first order degrees
of freedom; DOFI(1) = 0 for xi first order
unit number for printed output
0utput:
A(MX2*MX2) coefficient matrix (MX2 = 2*MX-MXI)
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MAINTB
Name s MAINTB
Functions airfoil table preparation
General references sec%lon 2._._
Subprograms requlreds AEROT, AEROPP, C81INT, C81RD, REDCL, TABFIX
-Z_3-
AEROT
Name, AEROT(ALPHA, MACH,RADIAL,OPTION, CL, CD, CM)
Function: interpolate airfoil tables
General reference: section 2.4.4
ALPHA angle of attack _ (deg)
MACH Mach number M
RADIAL radial station r/R
OPTION integer parameter: if I calculate c_ ! if 2
calculate c_, if 3 calculate c , if 4 calculate
all three c_efficients m
CL c2 2D
CD Cd2 D
CM Cm2 D
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AEROPP
Name: AEROPP( CL, CD, CM ,MA ,AMAX)
Function: printer-plot airfoil aerodynamic characteristics
Calculate ordinate limits:
a) c = maximum value of magnitude
b) N = [log c_ (N = N- 1 if c_1.)
c) K [c/IO N]+I
d) use for scale X = K* IO**N
CL( MA )
CD(MA)
CM(_)
MA
AMAX
array of c£ to be plotted
array of cd to be plotted
array of cm to be plotted
number of angle of attack values; odd number
maximum angle of attack ; data in arrays for
@_ = -C_ma x to _max' in MA steps
-_5-
3. COMPUTER SYSTEM SUBPROGRAMS
The following computer system subprograms (or the equivalent)
are required to determine the calendar date and time of day, which
form the identification for jobs and files.
a) CALL TIME(ITIME)
Function: returns time of day (8 alphanumeric
characters) in array ITIME(2)
b) CALL DATE(IDATE)
Function: returns calendar date (8 alphanumeric
characters) in array IDATE(2)
The following computer system subprograms (or the equivalent) are
required in the timing subprogram.
a) CALL SETTIM(O, O)
Functionz initializes timer
b) ITIME-- IN_(0,0)
Function: returns CPU time, in milliseconds since
initialization
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CORE REQUIREMENTS
The program requires _.04 megabytes of core storage. Of this
total, 1.84 megabytes is for the subprograms and 2.20 megabytes is
for the common blocks. The common blocks for the nonuniform inflow
influence coefficients (both rotors) require 0.96 megabytes.
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